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TO MY FATHER, 

J. H COLLINS, F.G.S., 

PAST-PRESIDF.NT OF THE I>!STlTrTlOX OF MINING AND METALLURGY, 


I am indebted for an early training in those branches of 
Natural and Applied Science, of which he has been an 
earnest student and an accomplished teacher. For this 
early training I can never be sufficiently grateful, and to 
it must in justice be attributed such measure of success 
as I may hereafter achieve. To my father, therefore, this 
book is (without permission) dedicated by 


THE AUTHOR. 


PEEFACE TO THE SECOND EDITION. 


The progress made in the Metallurgy of Lead since the appearance 
of the First Edition has been so rapid that, in the endeavour to 
bring the work up-to-date, not only has it been necessary to add 
three entirely new Chapters, but two-thirds of the remaining 
Chapters have been re-written throughout and considerable additions 
have been made to the others, the nett result being to practically 
double the size of the book. Special attention may be directed to 
the new Chapters on the Blast-roasting of Lead Ores and on 
Flotation processes, also to the completely re-written important 
Section of Six Chapters on Blast-furnace Smelting, and to the 
Chapters on Roasting, on Flue-dust, and on the Treatment of Zinc- 
lead Sulphides. 

Sampling operations being common ground, and by no means 
peculiar to the treatment of ores of lead, all reference to them has 
been omitted, but it has been thought best to retain a short 
summary of works’ methods of assaying and analysis, which has 
been relegated to the “ Supplementary ” Section. In other respects 
the general arrangement has been retained, and so has the con¬ 
densation of information into tabular form, which was made a 
prominent feature of the First Edition and has met with general 
approval. Brief descriptions of practice now obsolete have been 
retained in a few cases, either for completeness, or because the 
practice rendered obsolete in one locality might be worthy of 
adoption under different circumstances in another. 

Published literature has been laid under contribution, so far as 
it has been available to the Author, particular use having been made 
of articles and summaries which have appeared in the various 
volumes of the Mineral Industry, in the Engineering and Mining 
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Journal, and the Mining and Scientific Press, also of papers 
published in the Transactions of the Institution of Mining and 
Metallurgy, and the American and Australian Institutes of Mining 
Engineers. The Author desires to express his gratitude to all 
those gentlemen in charge of metallurgical works who have kindly 
assisted him with information, particularly to Messrs. L. Guillaume, 
A. Eilers, W. H. Howard, A. K. Brewer, M. W. lies, E. S. Weinberg, 
L. Pitblado, A. S. Dwight, A. E. Savage, P. Ninths, and many others 
too numerous to mention by name. 

No technical work can claim to treat exhaustively every branch 
of its subject, but it is hoped that the present volume covers the 
ground sufficiently well to merit from all interested in the Metallurgy 
of Lead a reception as cordial as that accorded to its predecessor; 
and that it will be found specially xisefxil by the busy working 
metallurgist, to whom, as the Author knows from experience, in the 
absence of an extensive reference library the most copious Biblio¬ 
graphy is of little value. 

HENRY F. COLLINS. 


Huklva, October, lOW. 
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The object of Part I. of this treatise is to supply a condensed com¬ 
pendium of information on the Metallurgy of Lead, accurate as well 
as fairly up-to-date, and useful, therefore, to the busy working 
metallurgist as well as to the student. As regards Ameidcan and 
German practice, the ground has been so well covered by the recent 
works of Hofman and Schnabel, that little has been attempted 
beyond condensing the information contained in the above works, 
supplementing it from other contemporary sources and from the 
Author’s own practical experience and observation, and presenting 
a digest of the whole in a compact form. 

In addition, however, Australian practice in smelting and in 
desilverisation will be found here described for the first time in 
•considerable detail. It is further hoped that the standpoint aimed 
at in considering the whole subject, which is cosmopolitan rather 
than one mainly American or German, will render the information 
•supplied more useful to English students and metallurgists. 

With the object of economising space, as well as of facilitating 
reference and comparison, details of the practice at particular 
localities have been, as far as possible, thrown into the form of 
tabular statements. These will be found scattered throughout the 
book in almost every chapter, and it is hoped they will prove a 
useful feature. 

Free use has been made of published literature on the subject, 
•so far as it has been available to the Author. The source of all 
-contributions is acknowledged in the footnotes, but special acknow¬ 
ledgment should be made to the works of Hofman {Metallurgy of 
Lead^ 2nd edition, New York, 1893) and Schnabel (Handbuch der 
Metallhiittenkuiide, Berlin, 1894), to the Engineering and Mining 
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Journal of New York, the Transactions of the American Institution 
of Mining Engineers, the Columbia College School of Mines 
Quarterly, and the Berg- unci Hilttenmdnnische Zeitung; also to 
those friends who have supplied statistical information, and to 
many gentlemen in charge of metallurgical works, who, although 
personal strangers, have very kindly afforded the Author most 
valuable assistance. 

Errors may have crept in, partly owing to the exigencies of a 
busy professional life, partly through the Author’s absence from 
civilisation, which rendered it impossible for him to read all the 
proof-sheets. For all such shortcomings, he begs indulgent con¬ 
sideration at the hands of those who may have occasion to read or 
consult these pages. 


Mina de St^ Fe, 
Chiapas, Mexico, 


HENRY F. COLLINS. 
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THE METALLUEGY OE LEAD. 


SECTION I. 


CHAPTER I. 

THE PROPERTIES OF LEAD AND ITS PRINCIPAL COMPOUNDS. 

Lead, as a material for the manufacture of sheet and pipe, has been known 
from very early times, and it was largely worked in Greece and in Spain 
many centuries before the Christian Era. The metal is occasionally found 
native in globules or thin films, but not crystallised; crystals artificially 
prepared by slow cooling are octahedra. 

Physical Properties,*— Colour^ <&c .—^Lead is bluish-grey in colour, and 
a freshly-cut surface shows a bright lustre, which rapidly tarnishes on 
exposure to the air. It is tasteless, but emits a slight odour when rubbed 
between the fingers. 

Hardness .—^Lead figures at only 570 on Bottone^s scale, lying between 
tin and thallium, and far below all the other common metals; it is so soft as 
to be readily scratched by the finger nail, while it readily marks paper with 
a grey streak. Only the pure metal, however, exhibits this quality to per¬ 
fection, the commercial article contaminated with Sb, As, Cu, and Zn being 
distinctly harder, while the degree of hardness increases with the amount of 
impurity present. 

Malleability and Ductility .—Lead is very malleable, being readily rolled 
into thin foil; according to Spring,f lead filings can be formed into a solid 
block under a pressure of 13 tons to the square inch, while two and a-half 
times that pressure liquefies the metal. It is, however, low in the scale of 
ductility, owing to its want of tenacity, which prevents it from being drawn 
into fine wire, and which, indeed, is lower than that of any other common 
metal, being equal to only about 1 kilo, per sq. mm. of sectional area. On 
account of its softness and malleability lead may be readily squeezed out 
into solid or hollow cylinders by sufficient pressure applied at a temperature 
below its melting point, and this method is now usually adopted for the 
manufacture of both lead pipe and of solid rods. 

* V. Percy, Metallurgy of Lead, 1870, where the properties of this metal are given 
in great detail. 

t Quoted by Roberts-Austen, Introduction to the Study of Metallurgy, 4th edition, 
1898, p. 79. 
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Specific Gravity, —^Lead is the heaviest of all the common metals, its 
specific gravity varying between 11*254 and 11*395, according as it is cast or 
rolled. Knab gives 11*352 and Reich 11*37 as the specific gravity of pure, 
cast lead at 0 ° 0 ., but the specific gravity of the commercial article is always 
lower on account of the impurities. 

Fusibility and Volatility. —According to Le Chatelier the melting point of 
lead is 326° C.,^ and according to Carnelly and Williams it boils between 
1,450° and 1,600° C.,t but cannot be distilled. If, however, a mixture of 
zino and lead be subjected to distillation at a high temperature, the zinc 
vapour carries over with it a considerable quantity of lead vapour; hence 
the source of part of the losses in lead smelting. When cooled slowly from 
the melting point, lead crystallises in groups of imperfect octahedra. 

Conductivity. —Taking the conductivity of silver for heat as 100 , that of 
lead at 12 ° C. is only 8*5, and with the same standard its conductivity for 
electricity is 10*7. Taking Hg at 0 ° C. = 1 , the conductivity of lead is 
4*818.$ 

Specific Heat. —The specific heat of lead between 10° and 100 ° C. was 
determined by Regnault to be 0*0314, while between - 77° and 10° it is 
0*03065. The specific heat of molten lead between 350° C. and 450° C. was 
found by Person to be 0*0402. Stiicker § finds it to be 0*03055 between 20 ° 
and 100° C., while above that temperature it gradually rises, being 0*03141 
at 200° and 0*03289 at 300°. 

Other Physical Constants. —The latent heat of fusion of lead is 5*369, its 
linear coefficient 0*0000292, and its coefficient of cubical expansion for 1 ° C. 
0*000089. 

The atomic weight of lead is 206*4. 

Chemical Properties.—Lead undergoes no change in dry air or in 
water perfectly free from air, but is rapidly tarnished by air containing 
moisture and by water containing dissolved air; the dull grey coating which 
forms on its surface being probably the sub oxide, PboO, which afterwards 
becomes converted into carbonate. Melted at a low temperature in contact 
with air, iridescent peUicles of suboxide form on the surface, which at a dull 
xed heat are converted into PbO; and this PbO, when removed from the lead 
by continued exposure to the air at the same temperature, say 400° to 
450° C., forms the red oxide or minium, Pb^O^. Other oxides of little 
importance are the sesquioxide, Pb 203 , and the peroxide, PbO._>. 

Lead is readily dissolved by moderately dilute nitric acid, but is little 
afiected by dilute HCl and by H 0 SO 4 of less than 60° B.; these acids form 
•coatings of PbCl .2 and PbSO^ respectively, on the surface of each particle, 
which protect it from further action. Even strong HCl in the cold and con¬ 
centrated H 2 SO 4 at temperatures up to 200 ° have little efiect on the metal. 
Boiling concentrated HCl and H 2 SO 4 , however, attack lead slowly even in 
large masses, and dissolve it with fair rapidity when in a fine precipitated 
condition. At 260° lead is dissolved completely by H 2 SO 4 with liberation of 
SOo and free S; the action, however, is retarded by the addition of 1 per cent. 
Sb to the lead. Nitrous sulphuric acid acts upon it at all temperatures more 
readily than pure acid. Nitric acid itself, both strong and dilute, acts upon 

* Eng. and Min. Journ.^ Oct. 11, 1890* Joum. Chem. Soc., xxxv., p. 663. 

^ Roberts-Austen, op. cit, p. 73. § Metallurgies 1906, iii., p. 487* 
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the metal readily at all temperatures and is its best solvent. Acetic, citric, 
tartaric, and other organic acids act upon it slowly in contact with moist air. 

The compounds of lead are poisonous practically in proportion to their 
solubility, thus the metal itself and its sulphide, being incapable of absorp¬ 
tion as such into the system, are practically innocuous, while the soluble 
salts, chloride, nitrate, acetate, &c., are active irritant poisons. The oxide, 
sulphate, and carbonate arc much less active, but continued exposure to lead 
fumes or to any atmosphere in which these substances are present in the 
form of dust brings on at first “lead colic,"" and later, if exposure to the dust 
or fume is continued, a more chronic form of poisoning called “lead-palsy,"" 
accompanied by emaciation, deposition of lead sulphide in joints, gums, &c. 

Alloys of Lead and Impurities in the Commercial Article.*— 
Two kinds of lead are known in the market—viz., soft and hard, or 
.antimonial lead. The former is in part produced direct from pure non- 
.argentiferous ores like those of the Mississippi valley, though chiefly from the 
refining of argentiferous lead; the latter is always a bye-product of the 
refining operations. Soft lead is employed for making sheet lead, pipe, shot, 
&c., for the preparation of pewter and solder, and for the manufacture of 
white lead. Hard lead is only used for making type metal. Babbitt metal, 
.and other alloys, the demand for which purposes is variable, and at times 
insufficient to absorb even the comparatively small quantities produced. 

The chief impurities in commercial lead are in the approximate order of 
their quantity Sb, Cu, Bi, Fe, Ag, Zn, Ni, Cd, As, Co, Mn, and S. The 
proportions in which they are found are given in the following table of 
.analyses (Table I.). It is an interesting fact that all the impurities in a bar 
of commercial lead, except silver, are concentrated towards the top of the 
bar; this matter will be dealt with in greater detail in Chap. x. 

Silver.—This metal alloys well with lead in all proportions, but, according 
to Lcvol,t none of the alloys arc quite homogeneous, a fact which, while it 
complicates the sampling of lead pigs containing silver,:]: goes to show that 
there is no definite chemical alloy between these metals, but that each 
dissolves the other in a molten condition. The afEnity of lead for silver is so 
great that it removes the latter metal from its salts and combinations with 
.sulphur, arsenic, and even from its alloy with copper. As a rule, commercial 
lead contains from i| to 12 dwts. of silver per ton, and rarely as much as 
1 oz. The small quantities present appear to protect the lead somewhat 
from the action of sulphuric acid, but have no other perceptible efiect. 

Three alloys of silver and lead have been proposed for use in testing 
furnace temperatures; they are those containing the following numbers of 
parts by weight, namely, 9 Pb 1 Ag melting at 400"" C., 3 Pb 1 Ag at 500° C., 
and 3 Pb 2 Ag at 000 °C. 

Only one definite alloy of lead and antimony is known— 
namely, the eutectic with 13 per cent. Sb, but the metals appear to mix in 
all proportions. Less than 0*005 per cent, of antimony has no apparent efiect, 
larger amounts increase the hardness of lead, diminish its malleability, and 
render it unfit for white lead making. § Lead with 0*1 per cent. Sb resists 

^v. 'PeToy, Metallurgy of Lead, 1870; alsoHofman, Metallurgy of Lead^ N.Y., 1892. 

Metcdl%(.rgy of Silver, IIZ. Chap. x. 

ITampo, f. vol. xv^iii., p. 209; also Lunge, m, and 

Jir. .Tan., 1893. 
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the action of cold sulphuric acid better than pure lead, but is more easily 
attacked by hot acid {Lunge). With 0*2 per cent. Sb this difference becomes 
more pronounced, and hot acid has then a marked effect upon the metal. 
A bar of lead containing a small proportion of antimony shows in the centre 
a spot with uneven surface resembling moss. On heating to a bright red 
with access of air, antimony (and arsenic) are slagged off as antimoniate, 
Pb.j(Sb04)o (and arseniate), of lead. This reaction comes into play in the 
softening and refining of lead for market. For the manufacture of white 
lead the metal should be as free as possible from antimony. As little as 
0*05 per cent. Sb has a marked effect in retarding the process without affect¬ 
ing the colour of the product, while 0*1 per cent affects the colour also. 

Alloys of Jintimony and lead, being much harder tlian pure', lead, are in 
demand for pumps, nozzles, and other portions of ap})aratus for resisting the 
action of acid solutions. Up to a (‘.ontent of 10 ptn* (amt. Sb, th(*.s(‘. alloys can 
be rolled satisfactorily, provided tln^ (‘usting into vake.H lias Ixam conducited 
at the lowest possible temperature, only just above' melting point of the 
alloy. 

Pure lead melting at 326®, the eutectic, alloy witldl3 per cent. Wb at 228®, 
and pure antimony at 632® C., the determination of th(‘. melting point serves 
as a fairly accurate method of determining tlu‘. perctmtag(‘. of antimony in 
hard lead, provided that no other metals lie pn'.senis and thai it. is known 
before-hand that the alloy is either richer or poorer than (uibectic. 

Arsenic .—and arsenic appear to mix fret'ly in a.ll jiroport.ions up to 
34 per cent. As, but form no detiniti'. cluanical compounds. 11 h‘. (*ut(*.ctic 
alloy contains 2*5 to 3*0 per cemt. As, and freezes at 262® (I 

•Anything over *0075 pew cumt. of bismui.h a-lha'is tlu', (juality 
of lead for white-load making, although, a.(‘.eording to Undemann,'*' thepiosence 
■of bismuth favours (corrosion, and the colour of tln^ iirodiud. is not affected, 
provided the process bo stopped Ixvfon'. comphd.ion, any bismut.h present 
being then concentrated in the small blac.kish residing. A<*(^ording to Napier,f 
•O'! per cent, of bismuth acte like (iopper and aaitimony in protecting hiad 
against the action of cold sulphuric acicl. In larger (juaiitity, 0*1 to 0*35 per 
cent., bismuth makes lead slightly hanhu-, somcnvhat crystal I iiu', and more 
fusible; though, according to the researches of Burggrai, J its mall(^a.bility is 
not affected by admixture of bismuth, (‘.ven in proportions up i.o 2 pt‘r cent. 
When present, bismutli is not removed from lead by th<^ Park<\s [>roc(‘ss, but 
may be to a great extent separated by slow (tooling of the moittm lead, which 
produces crystals purer than the surrounding muHlium, as in tln^. Pattinson 
process (which see), 

Copper.-—Copper forms no dedimte alloys witii h'.ad, for, although the two 
metals may be molted tog(',ther in all propori.ions, part of tin*. It'ad (containing, 
however, upwards of 2 per cent, c-opp(w) will, aiarording to iNu*(‘y’s (‘xperi- 
ments, always separate, out ou alow (tooling, htaving tint coppiu* (attaining lead 
up te as much as 25 pew (amt.) in the (tondition of a. porous mass. .Lead 
containing 1 or 2 per c.ent. of (topper (tan bet frettd from that m(it;a.l by carefully 
melting down at a low tempitratiint and skimming; t.Iut n'sidiuil It'acl, liowetver, 
always retains about 0*08 per cent. § (\)])p('r may la* moiat p<*rf(t(*ilv H(*parate(i 

'^ Amtnmu, Chemist, 1876, vi>l. vi., p. 257. t (linth Xi Wn, 1880, p. 514. 

Quotetd l>y Seluiabid, Httndhnehdvr vol. j., p. 277. 

i?H()fman, op. p. 22; also Huaiington, A*, rtoff M. March .50, 1805. 
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by means of zinc, as in Parkes' process (whicli see). Lead for making white 
lead or flint glass should not contain more than *0014- of copper,* but a larger 
proportion appears to have but little efiect when it is used for other purposes ; 
like antimony, a small quantity of copper protects lead from the action of 
cold HoSO^, but by hot and concentrated acid lead with from 0*1 to 0*2 per 
cent, copper is as readily attacked as is the pure metal. 

Iron .—The small quantity of iron usually found in commercial lead, up 
to a maximum of, say, 0*05 per cent., exercises no influence upon its physical 
properties. Above 0*003 per cent, would, according to Landsberg,| unfit the 
lead for white-lead making. Lead and iron form no alloys, having no affinity 
for each other. 

Zinc .—This metal, even in small quantities, gives lead a white colour 
and makes it so hard as to be unfit for rolling, rendering it, moreover, easily 
attacked by both cold and hot H 0 SO 4 . The limit of zinc for white-lead 
making is the same as that of iron. Lead and zinc form no definite alloys, 
and cannot, like lead and copper, be melted together in all proportions. 
Rossler and EdelmannJ have determined the solubility of zinc in molten 
lead at various temperatures, and find it to vary from 0*6 to 0*8 at 400° 0., 
up to 3 per cent, at 700° C. Heyn§ found that, when zinc and lead were 
stirred together and allowed to rest, they invariably separated into two strata, 
which more nearly represented the pure metals the lower the temperature, 
but that even at 419° C. the upper stratum of zinc contained 1*5 per cent. 
Pb, while after the upper stratum had set the lower stratum at 334° still 
contained 1*2 per cent, of zinc. In the refining of zinc obtained by distilla¬ 
tion in Silesian furnaces, while a lead alloy containing 4*24 per cent. Zn is 
separated out in the bottoms of the kettles, the supernatant zinc still carries 
1*12 per cent. lead. 

Tin .—This metal is of very uncommon occurrence in commercial lead, 
but when present it hardens the lead, increasing its fusibility and its liability 
to attack by acid. Like antimony and arsenic, it is readily removed by 
oxidation at a bright red heat, and it is, in fact, the most readily oxidisable 
of the three metals. Many supposed alloys of lead and tin have been described, 
but, according to Wiesengrund, || only that with 63 per cent. Sn, corresponding 
to the formula PbSn., can be considered a definite chemical alloy. It solidi¬ 
fies at 178J° C., and melts at 183° C., the melting point being raised by addi¬ 
tion of either of the component metals, and its specific gravity is less than 
that indicated by its percentage composition. 

Aluminium .—Aluminium and lead form no definite alloys, and although 
melted and stirred together, they separate out almost completely on cooling, 
the lead retaining less than 0*5 per cent. Al, while the solidified aluminium 
on top of the still molten lead contains a little more of the latter metal. The 
aluminium retained by the lead is very readily removed by oxidation (see 
the Rossler-Edelmann process of desilverisation). 

Calcium .—^According to Harkspill,^ alloys of lead and calcium can be 
made by introducing the latter metal into fused PbCL, or by electrolysing 
molten CaCl 2 with a lead cathode. A definite compound is stated to be 

* Hampe, loc. ciL t Quoted by Schnabel, op. cif ., 24. 

XJE. and M. J., Nov. 15, 1890. % B. u. Jliltt, Ze.it.^ lix., 47, 559, Nov. 23, 1900. 

ii Berg.- n. Hiittenmdnnhclie Zeitnng^ 1894, p. 305. 

*![ Gomptf.s Rendns, 1906, cxliii., 22*7. 
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formed, having the formula Pb-jOa., with melting point 775"" C'., and a specific 
gravity of 7*6. 

Sodium. —Mathewson,''^ wlio investigated tiu'- alloys of lead and sodium, 
found four chemical compounds^—viz., Na,Pb, Na./Pb, Na.Pb,., and NaoPbr,— 
freezing respectively at 386°, 405°, 367°, and 319°, and four eutectics—viz., 
Na.Pb+lSra.jPb, NaoPb+NaoPK, Na.jPk^+NaoPb-,, and Na.jPb.,+ Pb"—freezing 
respectively at 373°, 329°, 301°, and 30 P. 

Tellurium .—Lead appears to alloy readily with tellurium in almost all 
proportions. There appears to be only one eutectic, whicli frei^zes at *100° (t, 
it contains 21'| per cent. Pb, equivalent to a formula, of Pb'’T(‘(;.f 

Selenium .—^According to H. Pelabon,;j; a definite compound (‘xists with a 
formula PbSe (27*65 per cent. Sc), which freezes at 1,065° (t 

Antifriction Alloys.-— The best antifriction alloys are eomposed elii(4ly 
of tin with certain proportions of antimony and eop})cu*, but they are too 
expensive for many purposes, and cheaper alloys for similar work have l(‘ad 
as their principal basis, with admixtures of antimony and tin. A n(‘w anti¬ 
friction alloy, composed of Pb 98*75 per cent., Mg 1*25 pm’ emit., is preparc'd 
by melting lead under a cover of fluorspar and stirring in magnesium ; t he 
resulting alloy may be remelted in ladles and p()iir(‘d in the. usual wa,}^ An¬ 
other, the so-called '' tempered lead,” is simply lead with 2 pm* e(mt. sodium 
added when heated slightly above its melting point under a eover of oil. 
This alloy must be always melted under a eover of oil oi* ri‘,sin, its gn^ai 
advantage is the formation of soap by oxidation of tlu‘ sodium and saponi¬ 
fication of the lubricant, by which means th(‘ Ix'aring is always kuqit cool 
with only a small consumption of oil. 

Alloys of Industrial Importance.— Table H. gives th(‘ upf)r()ximute 
composition of a number of the principal commerc-ial alloys of lead ; it will 
be seen that there are wide variations in composition amongst, alloys which 
pass under the same name. 

A good method for the determination of lead in alloys will \w found in 
Chap. xix. 

COMCOUNDS OF LEAD. 

Lead Oxide, PbO.—This, the simplest oxide, is also the only one of any 
metallurgical importance. It occurs in two disiiiu’t forms as massicot and 
litharge. The former is an amorphous yellow powchu* produetid by exposing 
melted lead at a dull red heat to th(‘. action of air, (‘ontinually nunoving the 
film of suboxide, and oxidising it to tlie yellow oxidt^. at a, low lemperatuns 
avoiding fusion. On raising the tempera*tur(‘. to a bright, red heat the oxide 
melts, and, on cooling, solidities as litharge, which varies in colour according 
to the rate of cooling, slow cooling bringing out a, red, 4 ind rapid cooling a 
yellow colour. On a comnnu’cial scale, litharges is formed by cupi^lling argen¬ 
tiferous lead. The molten litharge prodiu*ed is of an orange colour and 
transparent while hot; when run out from tlu^. furnace oven* an iron plate, 
water, it forms opaque, greasy-looking, yedlow lumps. 
Hhen allowed to form large cakes of a ton or more in weight, and to cool 
slowly, the outer solid crust is of th(‘. usual yellow colour, whlh* the interior 

* Mincraf. Indmtry, vol. xv., 1907, j). 523. 
t BXy & Gillaon, A7mr. Chcni. Jovru., 1902, No. 27, p. HI. 
t Comptm I'tendvH, 1907, taliv., 1159. 
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TABLE TL —Alloys of Lead. 



Pb 

Sb 

Sn 

Cu 

Bi 

Zn 

As 

Na 

Fe 

Type metal, .... 

55 

30 

15 







,, .... 

60 

25 

15 








70 

18 

10 

2*0 







55 

23 

22 







Stereotype metal, . 

72 

18 

25 







82 

15 

•3 







,, ... 

86 

14 









70 

15 



15 





Linotype metal, 

84*5 

13-5 

2 







Bearing metal, heavy loads, . 

84 

16 









88 

12 








,, very heavy, . 

42 


15 

3 


40 




> j jj 

4 

6 

38 

1 


47 




,, light loads, 

GO 

20 

20 







3 J 51 

,, American Rys., 

42 

16 

42 







88-9 

7-4 


3-7 






,, Magnolia, 

78-4 

20 




i 



0'6 

78'3 

17*8 

' 3-9 

tr. 






3 5 3 3 

SO 

15 

5 



... 




3 3 3 3 

83-5 

16*5 



tr. 

tr. 


... 


Shot metal, .... 

99-6 





... i 

0 2 to 



Pewter,. 

20 


80 



... 1 

0-35 



,, Queen’s metal, . 

9 

'9 

73 


9 





Britannia metal, 

2 

7 

89 

2 






55 ... 

1 

10 

SO 

9 






Solder, plumbers', . 


G 

90 

2 

2 

i ... 




66*6 


33*3 







,, common, 

50 


50 



... 




,, fine, .... 

33*3 


66-6 







-Fusible metal, Newton’s, 

31 


19 


50 





“ No-heet” metal, . 

98 







2 


Acid-resisting hard lead, 

78 

22 








White metal for rope-capping, 

60 

*"9 

30 


*1 






swells and breaks up into loose red flakes. The swelling is caused by expulsion 
of oxygen which has been absorbed by the molten litharge and is given of 
on cooling. The specific gravity of litharge is 9*36, its melting point according 
to Honsell* is 954'' C., or slightly above the melting point of silver; in its 
molten condition it is a good conductor of electricity. According to Doeltz 
and Graumannf litharge becomes liquid at 900° C., it begins to volatilise 
slightly at 800° C., and the rate of volatilisation increases rapidly at tempera¬ 
tures over 1,000° C. According to MostowitschJ the melting point of PbO 
is only 883° C. Litharge is very slightly soluble in water (1 part in 12,000), 
but dissolves readily in nitric and acetic acids. 

Litharge is a strong base, rapidly corroding bricks and clays, and forming 
the silicates described below; it also forms readily fusible compounds with 
all the metallic oxides. With potash and soda and the alkaline earthy bases 
it apparently acts as an acid, with stannic oxide and arsenic and antimonic 
acids, as a base, while in other cases it seems to act simply as a solvent. The 

Berg.- u. Huttenmdnniaclie Zeitung.^ 1866, p. 106. 

t Metallurgies 1906, iii., p. 406. % Metallurgies 1907, iv., p. 648. 
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following table * shows the proportions of litharge required to form fusible 
oompounds with the principal metallic oxides :— 


1 part of 

Cu- 0 . 

CuO. 

ZnO. 

Ft‘304. 

Fe-iO;;. 

MiiO. 

SllOn. 

Sb-.O;,. 

.SboO,,. 

As, 03 . 

Aao0.v 

Requires ) 
parts of > 
litharge, ) 

under 

1*5 

under 

1-8 

8 

4 

10 

10 

12 

any 

1 

5 

t 

■4 to *8 

•2510 1-0 


Litharge is easily reduced to the metallic state by all reducing agents (by 
CO at only 100° C., by H at 310° C.),t therefore, forms a valuable oxidising 
agent. Eeduction by carbon commences at from 530° to 555°, becoming 
very decided at 600° C.J When mixed with S, Te, As, Sb, Bi, Cu, Zn, or Be, 
these substances become wholly or partially oxidised, and their oxides either 
volatilise or dissolve in the excess of litharge, a corresponding amount of lead 
being reduced and combining with any unoxidised portion of the added 
element. 

Lead Suboxide, PboO.—When lead is heated at a low temperature a grey 
pellicle forms upon its surface, which is supposed to be chiefly the suboxide. 
A comparatively pure suboxide is prepared as an intermediate stage in the 
Bischof white-lead process (q.v.) by reduction of PbO by means of water-gas. 
As thus prepared, the suboxide is a velvety-black powder in an exceedingly 
fine state of subdivision, the composition of which, how(‘.ver, is by no means 
constant. 

Minium, or Kcd Lead, Pb.jO.j, may be rega-rded as a (‘combination of 
2 mols. PbO with 1 mol. PbO^. It is a bright-red powder formed by sub¬ 
mitting the amorphous simple oxide (massicot) to oxidation at a tempera¬ 
ture of about 300° C. At a higher temperatures it loses oxygen, becoming 
reconverted into PbO. According to Mati.is(^hck§ pure I^boO., free from 
litharge may be prepared in small quantities by adding KOlO.j to fused KNO.j, 
and deflagrating lead into the mixture, which is then heated until no more 
gas is evolved, and boiled out with water. 

Another method of preparing minium is to heat togctlu3r a mixture of 
lead peroxide and litharge, when they (iombine according to the (3C|uation— 

i>PbO I- PbOjj 

According to Dorsemagcn|| the best temperaturt^ for the reacjtion is 250° 
C., and it is best to employ a slight excess above the thcoreti(3al proportion 
of litharge, when, after grinding the j)rodu(‘.t wet, it is found to have a fine 
colour. i . *• 

Lead Peroxide, PbOo, may be prepared by clig(3sting minium with dilute 
nitric acid until no more is dissolvc3cl, or by a(3ting upon a solution of lead 
acetate with calcium hypochlorite. Tlie amorphous ])owder left in an in¬ 
soluble condition has the above (jomposition when washed and dried; it 

* Hofman, op. cU., p. 16*, (luoted from Pca'oy, op. rif., pp. 17 to IS. 

i' Roscoe and Scliorlemmcr, Treatisv. on Chommtry^ 1S92, vol. ii., part i., p. 2S2. Ac¬ 
cording to Moatowitsch, r(3duction (tomnuiiicca b(3tweon 290" and .‘100" 1907, 

iv., p. 648). 

JDoeltz and (Iraumann, Me.taliurnia, 1907, iv., p. 420. 

^ Qhem. Zeitiuup 1905, xxxix., p. 510. 

\\ ZeitHcUr. f. Itlleldrochemie, VIIL, xxxix., 745, S(ipt. 25, 1902. 
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acts as a feeble base with acetic acid, but as an acid with oxides of the alkali 
and alkaline earthy metals, forming compounds which are called plumbates. 
It is a powerful oxidising agent, and, as it detonates with phosphorus, it is 
utilised in the manufacture of lucifer matches. It is used in the construction 
of storage batteries, and is alternately destroyed and re-formed during the 
operations of discharging and re-charging them. 

Lead peroxide may be economically prepared by the following process'*' :— 
Lead sulphate mixed with magnesia is suspended with water in a revolving 
barrel, and chlorine is passed in to saturation during about three hours. 
The proportions are for each 5 kilos, of lead sulphate, magnesia 1*2 kilos., 
water 13 litres, and chlorine 1*2 kilos. The crude reaction product contains 
already about 90 per cent, of peroxide, and by washing first with caustic 
soda and then with acid a product is obtained containing only traces of Cl 
and 97 per cent, of PbO^. The cost of production is said to be only 44 francs 
per 100 kilos. ( = ls. 9d. per lb.). 

Lead Carbonate, PbCO;..—Lead carbonate occurs in nature as the mineral 
cerussite (sp. gr. 6*46). At 200° it is decomposed into PbO and CO.j, and at 
the same temperature is reduced to metallic lead by CO, charcoal only acting 
upon it at a somewhat higher temperature. 

White Lead, the hydrated basic carbonate, 2PbCO;; + PbHoOo, an 
important article of commerce, is ordinarily prepared by the “ Dutch '' or 
corroding process, which consists in acting upon lead plates or gratings 
by the vapour of acetic acid and CO.j generated from decomposing organic 
matter, and removing the white crust formed from the residual lead; full 
descriptions of the process will be found in works on Chemical Technology. 
Attempts have been made to shorten the above process, which lasts many 
weeks. 

The process of the M'Dougall While Lead Co., of Buhalo,*j* comprises the 
following operations :— 

1- Melting lead and granulating it in a brick chamber by jets of steam, 
which cut the streams of molten lead at an angle of 45°. The product is put 
through a fine screen, and the over-size returned. 

2. Prom 15 cwts. to a ton of the granulations are put into a drum with 
176 lbs. of 40 per cent, acetic acid, which is added in three equal instalments 
—viz., on the 1st, 3rd, and 5th days. 

3. The drum is rotated for seven days, steam, air, and filtered fuel gases 
being blown through at intervals, the moisture being only sufficient to form 
a paste. 

4. The product is run through a pug-mill, then down riffled launders to 
catch any grains of unaltered lead, then treated with caustic soda in settling 
tanks, and dried. 

The Biscliof process worked at Brimsdown, near London, comprises the 
following operations :— 

1. Oxidation of metallic lead to litharge in gas-fired English cupellation 
furnaces. 

2. Crushing of the litharge and reduction to Pb.jO at a temperature of 

^ Moniteur Scientifiqiie, lOOC, xx., pp. 514-51S [E. and M. /., Sept. S, 1906, p. 437). 

iE. amlM. A, Oct. 21, 1905, p. 745. 
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300° C. in closed retorts by means of water-gas generated in vertical retorts 
by blowing steam tlirough red-bot cliarcoal. 

3. Hydration of tbe PboO in open-topped pans with agitators, yielding a 
smooth paste of PbHoO.j. 

4:. Carbonation of the lead hydrate, in closed wooden vats furnished with 
stirrers, by means of CO.j generated by boiling a solution of alkaline bicar¬ 
bonate produced by absorption of fuel gases in a solution of sodium (‘arbonate. 
Each vat contains a measured quantity of lead ac'ctate solution, to which is 
added a weighed quantity ol the hydrate paste, and gas is passed until samples 
show that all trace of yellow oxide has disappeared, and the percentage of 
carbonate in the product attains a constant. 

5. The product is run through hlter presses, washed with, soda, solution 
and clean water, and, without drying, charged into pug-mills, where it is 
combined with linseed oil, the resulting paste being ground in paint mills 
with granite rollers to eliminate air bubbles. 

Unlike all other white lead produced by wet processes, th(‘ Biscdiof white 
lead has a greater covering power tlian the ordinary arti(‘.le in the proportion 
of U to 10. 

Lead Sulphide, PbS.-—This substance', is found native as gahma (sp. gr. 
7*3 to 7*7), and it may be formed artificially by melting together lead and 
sulphur in proper proportions, by reducing lead sulpliate witli. any reducing 
agent, and by precipitating any solution of a lead salt with lIjS. 

Lead sulphide, although not so fusible as tlu', metal, readily units at a 
bright red heat (935° C. according to Lodin), becoming very finid, a,nd pein^- 
trating a,11 kinds of furnace linings to a, surprising degree. A(‘.cording to the 
same author,its vapour tension is considerable a,t temperatures miicli below 
this, which explains why it volatilises readily and in an una,ltered (‘.ondition 
when out of contact with air in lead furnaces, j)art of the vapour being (iarried 
away by the furnace gases, and part condensing to form tlu^ crysta,lH and 
crusts of sublimed galena, which mv, of such common ocxuirn'iice in tiie upjxa.* 
parts of lead furnaces. .According to the cxperinnmts of Do(^lt55 and (lra.n- 
mann,f lead sulphide volatilises rapidly at 860° 0., at whicli temp(',ratur('. an 
experimental quantity lost in one hoiu* about 18 per (amt. of its weight in a 
current of nitrogen. According to (iluichant,J it nn^lts at 1,015° (j., and 
boils at 1,085° C. According to Friedrich,§ the melting ])oint of PbR is as 
high as 1,114° C., and this figure is probably c.oru'ct, being a,cc('pt(Ml amongst 
others by Fulton and Goodner.|| 

Being isomorphous with Ag\B, CuoS, ZnS, F('S, &c., h'ad sulphide readily 
mixes witli these sulphides in all pro])ortions; sucli mixtures form the 
“ mattes '' obtained in smelting comph'x sulphides, which are described in 
detail in Chap. x. Both galena itself a,nd lead matter are good c.onduc.tors of 
electricity, jf With the sulphides of a,ntimony and arsenic, lead sulphide forms 
sulpho-salts, both simple and complex, m.any of which occur in nai.urc as 
well-marked mineral species—c.f/., Zinkenitc',’ Jordanite, Jam(',sonit(', Bour- 
nonite, &e. 

* Comptes Rtiid-UH, 1895, vol. c.k.x., pp. 11()4 to 1167, abHtract ia Jout'ii. kioc. Choiu 
hid., vol. xiv., p. 807. 

Metallurgic, 1906, III., xiii., ]>, 406. 

f Comptcfi RendiirS, cxxxiv., pp. 1224-1226. 

^ MetMlurgie, v., 1908, p. 51. 11 Bull. Awf.r. Imt. M.E., Nov, 1908, p. 968. 

ITKiliani, Berg- u. Ifmtcnm. Zeiluvg, 1883, pp. 237, 366, 378. 



12 


THE METALLURGY OF LEAD. 


Many Continental metallurgists have advocated the existence of sub¬ 
sulphides of lead, but Percy's investigations showed that all such supposed 
subsulphides on careful heating eliquate metallic lead, and leave a residue of 
crystalline sulphide; further, that lead and its sulphide can be melted to¬ 
gether in all proportions, the properties of the mixtures being intermediate 
between those of their components, and approximating to one or other 
according to the predominating constituent. Friedrich and Leroux"^ have 
recently investigated the subject by means of microphotographs, and confirm 
Percy's conclusion that no intermediate compounds exist between PbS and 
Pb. 

Decom'position of Lead Sulphide. —G-alena is decomposed by fusion with 
iron, the reaction forming the basis of what is called the precipitation " 
process of lead smelting ; which, in a modified form, is still in use at Clausthal, 
and which, to a greater or less extent, comes into play in the furnace work of 
all modern blast-furnace lead-smelting plants. The reaction is often given 
as PbS -t- Fe = FeS -f Pb, but, although more perfect the higher the tem¬ 
perature employed, the decomposition is never complete. 

The maximum amount of lead obtainable from pure galena (containing 
86*6 per cent. Pb) varies from 72 to 79 per cent., the rest being retained in 
the iron sulphide. Noltef explained the reaction by supporting the forma¬ 
tion of a subsulphide of iron, but the observed facts are easily explained on 
the far more probable supposition first published by MiinsterJ that a portion 
of the iron remains dissolved in the residual iron sulphide, which also may 
dissolve a portion of the lead. The reaction may then be— 

4PhS -1- 4re = 3Pb + (PbS + 3FeS -t- Ife). 

^ . > 

matte. 

In order to make use of this reaction in furnace work it is necessary to 
employ a high temperature; but the metallic iron required may be reduced 
in the furnace itself from oxides or from the basic silicate, 

4FeO. SiOs -t- 2PbS + 20 = 2FeO. SiOs + 2FeS + 2Pb + 200. 

At a very high temperature the monosilicate (as also the more basic 
silicates) of iron reacts upon galena without the intervention of carbon, forming 
a sesquisilicate, according to the following equation given by Percy :—§ 

3(2FeO. SiOs) + 5PbS = 4FeO. SSiOa + 2(PbSFeS) + SO 2 + 3Pb. 

Both lime.and baryta partially decompose galena ; if the atmosphere be 
not reducing the reaction is probably 

4PbS + 40a0 = 30aS -t- GaSO^ -h 4Pb; 
and in presence of carbonaceous matter, according to Berthier,|l 
2PbS + CaO + C = Pb -t- (PbS. CaS) + CO. 

Galena is only partially decomposed by fusion with copper, the reduced 
lead alloying with the unaltered part of the copper, while the CuoS formed 
mixes with the unaltered galena. Zinc and tin^also effect only^^a partial 

* Metalkiy'giei 1905, ii., p. 536. Berq- u. HilUenm. Zeitimg, 1860, p. 165. 

+ Ihid., 1877, p. 195. § OpfciL, p. 59. 

II Trait6 des essaisparla voie seche, Liege, 1887, vol. ii., p. 580. 
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decomposition, tlie infusibility of the ZnS in the one case and the approxi¬ 
mately equal affinities of lead and tin for sulphur in the other case preventing 
a proper separation of metallic lead. 

Wiedmann,* by tracing the freezing-point curves of mixtures of PbS and 
FeS, finds that they form an eutectic freezing at 782° C., with a mean com¬ 
position FeS 26 per cent., PbS 74 per cent., some eutectic being always present 
in all mixtures varying between the extreme limits of 5 per cent, and 90 per 
cent. PbS. 

Friedrich,t however, finds the freezing point of the eutectic of PbS and 
FeS to be 863° C., and its composition to be FeS 30 per cent., PbS 70 per cent. 
The same author finds that PbS forms with other sulphides the following 
eutectics:— 

PbS 49 per cent, and CU 28 nl per cent., free/iiig point 540“ (CuaS alone 1135° C.). 

PbS 27 per cent, and AgoS 73 per cent., freezing point 630° (AggS alone 835°C.). 

Lead Sulphate, PbSO.^.—This occurs in nature as the mineral anglesite 
(sp. gr. 6*2), and may be formed by a careful partial roasting of galena. It 
is the most stable of all the sulphates of the heavy metals, remaining un¬ 
altered at a bright red heat. According to the experiments of Doeltz and 
GraumannJ lead sulphate is only very slightly volatile at 900° C., but it 
commences to dissociate at 1,000° C. At a white heat it softens and loses, 
a part of its SO 2 , becoming basic sulphate. Although undecomposed by 
simple heating, it is readily decomposed by silica according to the equation— 

2PbS04 + = 2PbO . SiOs + 280^ -h O,. 

Upon this reaction is based the process of ‘‘ slag roasting,"' hereafter to be 
described. 

Carbon in proper proportions at a dark red heat (also carbonic oxide at 
a high temperature) completely reduces the sulphate to sulphide, according 
to the equation— 

PbS04 + 2G = PbS + 2 CO 2 ; 

but if not in sufficient quantity, only the exact molecular proportion of 
sulphate corresponding to the weight of carbon present is reduced, the rest 
remaining iinaltered. At a cherry red heat this unaltered sulphate reacts 
upon the reduced sulphide, as will be subsequently explained. 

Lead sulphate is reduced at a high temperature by lead (PbSO, -f- Pb = 
2PbO + SO.) and by iron (PbSO, + 4Fe = Fe,0, + + Pb). It sutlers a 

double decomposition with lime, yielding calcium sulphate. Lead sulphate 
is slightly soluble in water (1 part in 22,800), but considerably less so in dilute 
H.jSO, (1 part in 36,500). It is, however, more soluble in HNO., and'nitrate 
solutions, and in hot HCl, while concentrated H.SO, dissolves it to the extent 
of 6 per cent. It is also soluble in solutions of the alkaline chlorides, CaCl.^, 
and calcium acetate; in all ammoniacal salts, especially the acetate; and 
slightly in sodium hyposulphite, the solubility varying with the temperature 
and concentration of each solvent. 

Roasting of Lead Sulphide—Reactions between Sulphide, Sul¬ 
phate, and Oxide.—When lead sulphide is roasted at a low temperature 

^Metallurgies 1906, hi., i). 660-071. 

f Ihid.s 1907, iv-, pp. 479 and 671, and 190S, v., pp. 50, 52, 122. 

tIUd.s 1906, IIL, xih., p. 442. 
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it is at first simply oxidised witli evolution of SO^ according to the equation— 

2PbS -f :i0o = 2PbO + 2S0,. 

A part of the SO., takes more oxygen from the air becoming SO.j, which com¬ 
bines with the PbO to form PbS 04 . According to Plattner,* pure galena 
yields on roasting a much smaller proportion of sulphate to oxide than is 
given by galenas containing much pyrites ; this is probably on account of 
the greater tendency of SO^ to form S0.> in presence of iron oxides. It is 
possible that some PbS 04 may be formed from PbS by direct absorption of 
oxygen, as suggested by Eammelsberg,| but this is doubtful. 

When mixtures of lead sulphide with oxide or sulphate in suitable pro¬ 
portions are subjected to a bright red heat, at which the mixtures soften, 
the following reactions (amongst others) take place :— 

PbS +'2PbO = 3Pb + SOo. 

PbS -i- PbS04 = 2Pb + 2 SO 2 . 

The limiting temperature at which the first of the above reactions begins 
to take place is, according to Lodin,:j: 720® C., and the second commences at 
670® C. According to Schenk and E.assbach,§ the limiting temperatures for 
these reactions are respectively 650° to 660® for the first and 550® for the 
second, but both are retarded if the SO.j is not withdrawn as soon as made, 
.and may even be reversed at a higher temperature under considerable pressure 
•of SOo. In the case of oxide the decomposition invariably takes place in 
molecular proportions, so that any excess of sulphide on the one hand or of 
oxide on the other remains unaltered on the surface of the lead, except in 
so far as it may have been a,:ffected by the material of the crucible, or other 
vessel in which the experiment has been made. When PbS is fused with 
excess of PbS 04 , however, another reaction takes place, viz. ;— 

PbS + 3PbS04 = 4PbO + 4 SO 2 , 

.and this reaction may take place simultaneously with the two preceding in 
•different parts of the same charge. It is probable, indeed, that towards the 
end of the operation this reaction becomes developed very largely at the 
•expense of the preceding. The limiting temperature for this reaction appears 
to be about 550® C. One very important process of lead extraction depends 
exclusively upon the above reactions, and, as will be seen hereafter, it is 
essential that the temperature be kept low during the roasting, and then 
raised suddenly in order to bring about the reactions. 

According to Hannay, || all the above reactions given by Percy and other 
authorities are incorrect. This author found that PbS is much more volatile 
at a white heat in SOo than in other gases, and supposed the existence of a 
body to which he assigns the formula PbS . SOo, from which the PbS crystal¬ 
lises out on cooling. He supposed the principal reaction which takes place 
on heating together PbS and PbS 04 to be the following :— 

12PbS + 12PbS04 = 12 Pb -}- SPbO -i- 4PbS . SO 2 + I 6 SO 2 , 

and proposed to treat galena ores by melting and blowing in a kind of Besse- 

* Die Metallurgischen Kostprozease, Freiberg, 1856, p. 145. 
t Rammelsberg, DU Metallurgie des Bleies^ 1872, p. 39. 
t Comptes Bendus, cxx., 1895, pp. 1164-1167. 

% Metallurgie, 1907, iv., p. 455. 

11 Trans. Inst. Min. Met., vol. ii., p. 188. 
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mer converter to obtain (1) a small quantity of lead ricii in silver ; (2) molten 
litharge; (3) fume wbicli by excess of air is converted into lead sulphate. 
Huntington^ regards the volatilisation of PbS in CO,„ SOo, and other gases 
as probably a case of mere solution in a gas ; and points out the impractic¬ 
ability of Hannay s proposals, especially as regards the condensation of the 
enormous amount of lead fume formed, and the difficulty of finding any 
furnace lining to withstand the action of molten litharge at the temperature 
of molten PbS. Lodin also confirms the reactions heretofore universally 
recognised as being correct at the temperatures prevailing in ordinary lead 
furnaces. There is no doubt that Hannay^s work is interesting, as showing 
that the volatility of PbS is greater than it is generally supposed to be, and 
that it is increased in the presence of certain gases ; but his explanation of 
the reactions taking place in lead furnaces must be regarded as untenable, 
and his proposed. “ new metallurgy of lead'' impracticable. Jenkins and 
Smith, J while entirely confirming the old reactions, prove that lead is attacked 
by sulphur dioxide. In the introduction to Section 11., dealing with Lead 
Smelting, reference will be made to the proposals which have been made to 
•carry on the reduction of PbS to metal by means of an air blast. 

Lead Chloride, PbCk, crystallises in rhombic white silky needles, having 
;a specific gravity of 5*8, soluble at 12® C. in 135 and at 100® C. in less than 
30 parts of water, from which solution it is partly precipitated on addition 
•of free HCl. It fuses below a red heat, and without volatilisation, to a mobile 
liquid, which sets on cooling to a horny, translucent mass. 

The electrolysis of molten lead chloride has been suggested as a means 
•of refining lead, but the method has never been carried out in practice. 

Lead Silicates.—Lead oxide and silica begin to combine at the softening 
temperature of the oxide—^.e., below 800° C. ; and if both substances are 
finely divided, and the heat maintained at this temperature, combination 
will be eficcted without the mixture becoming fluid. According to Percy, 
.all the silicates of lead up to the trisilicate, 2PbO . 3SiOo, are readily fusible 
at low temperatures, the monosilicate in particular, 2PbO . SiOo, being as fluid 
as water. Higher silicates are successively less fusible up to 2PbO . 9SiOo, 
which only melts to a substance resembling porcelain, while PbO . 18SiOo 
can barely be fritted at the highest temperature obtainable. All the fused 
silicates of lead arc yellow, the presence of other metallic oxides altering the 
•colour, as seen in the scorification process of silver assaying. 

According to recent investigations of lVIostowitsch,§ no definite compounds 
' .are formed when PbO and SiOo are melted together, but only solutions, which 
in the liquid state when the oxygen ratio of PbO : SiOo exceeds that of 1: 2 
dissolve PbO, the amount dissolved increasing with the temperature and the 
excess falling out of solution as the temperature falls. Mixtures of PbO and 
Si02 become fluid mostly below 750®, all those containing more than 2|- equi¬ 
valents of PbO to lSi02 become as fluid as water below 800° C., 2PbO to 
lSi02 requires 850®, 4PbO : SSiOo over 880®, and PbO : Si02 over 940® 0. 
® before they can be poured. All of these silicates are readily soluble in dilute 
acetic acid or ammonia or other alkali, and even water attacks them. 

^/6^d:.,p. 217. . , ^ 

t Gorrvptm JRendus, 1895, vol. exx,, pp. 1164-1167; and abstract in Joum, Soc. diem, 
hid,, vol. xiv., p. 807. 

^ Journ. Chem. Soc., 1898. § Metcdlurgie, 1907, iv., p. 648. 
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Reduction of these silicates by a current of hydrogen, first to PbgO and 
then to Pb, commences at temperatures of from 350° to 600°, while reduction 
with CO or CH 4 requires temperatures of 500° upwards. 

Silicates of lead are not readily decomposed by carbon or sulphur, but are 
decomposed by carbon in combination with lime, or some other base which 
combines with the liberated silica. Iron in excess efiects a complete decom¬ 
position of all lead silicates at a bright red heat, forming monosilicate, 
2FeO . SiO.,. 


Sulphides of iron, baryta, and lime ail decompose basic or subsilicates 
of lead at comparatively low temperatures, forming silicate of the base, 
sulphurous acid, and metallic lead. The reaction in the case of iron sulphide 
is as follows :— 


4PbO . SiO,, + 2FeS = 2FeO . SiOo PbS + 3Pb -f SOo. 

The monosilicate is only partially decomposed, and requires for complete 
decomposition a higher temperature and the addition of a free base, such as 
lime:— 


3(2PbO. SiOa) + 4CaO + 2CaS - 3(2CaO . SiOa) + SPba + 2SO.. 

The bisilicate and lower silicates are readily decomposed by nitric acid, 
but decomposition is not complete in the case of the trisilicate, and higher 
silicates are attacked with increasing diflGlculty. 

Lead Fluosilicate, PbSiFt 3 , crystallises in brilliant crystals, like those of 
lead nitrate, containing four molecules of water of crystallisation. It is 
readily soluble at 15° C., only 28 per cent, of its weight of water being required 
to form a syrupy solution of 2*38 specific gravity, while at 60° C. the salt 
melts in its own water of crystallisation. Dilute neutral solutions are partially 
decomposed on heating with formation of a basic salt, but the decomposition 
is arrested if the solution contain 2 per cent, of free acid. A solution con¬ 
taining about 8 per cent, of PbSiF^. and 11 per cent, of free H 2 SiF(; is used as 
electrolyte in the electrolytic refining of lead {q.v. Chap, xviii.). 

Lead Borates.—Lead oxide and boric trioxide melt together in all 
proportions, and the compounds formed are more fusible than the correspond¬ 
ing silicates. Advantage is taken of this fact in lead and silver assaying. 

The haloid compounds of lead are very volatile, and form volatile chloro- 
sulphides and chloro-phosphates. They are readily reduced by contact with 
carbon and metallic bases at a red heat. 

Lead Poisoning.—Of the compounds of lead, all those soluble in water or 
in dilute acids are exceedingly poisonous, whereas the insoluble compounds 
appear to be innocuous. The effect upon the body is cumulative, small 
quantities once absorbed not being readily eliminated. The oxide and car¬ 
bonate of lead appear to be poisonous, chiefly because, when breathed or 
taken into the stomach with food, they are dissolved by the gastric juices, 
and, after causing colic, are carried into the circulation, where they are 
deposited in the bones, and aflect the nervous system, causing paralysis.* 
Exposure of men to breathing lead fumes will cause poisoning, but in modern 
works the draught is usually so good as to minimise the danger in this direc¬ 
tion. The idea formerly held that in ordinary lead works that metal was- 
absorbed through the skin, as occasionally happens to potters and glaziers, 
is exploded, and it is now generally believed that only the mouth and nose 
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required to be guarded by good ventilation to carry away fumes, by using 
respirators in dangerous situations, such as cleaning flues and repair work 
inside hot flues and furnaces, and by strict cleanliness everywhere to prevent 
fume or dust coming into contact with food or drink, including cleanliness 
in person on the part of the workmen themselves. 

At most lead works plain or oatmeal water acidulated with sulphuric 
acid is provided for the men to drink, with the idea of converting into insol¬ 
uble sulphate any lead taken into the system, while personal cleanliness is 
advised, and as far as possible enforced. Hot baths are provided, and the 
men are encouraged to use them. At one works in Spain the men are en¬ 
couraged to take a dose of Epsom salts once a week, and a hot bath at least 
as frequently, note being kept of those who do not conform to the customs. 
Should any such recalcitrant employe become “ leaded""—^.c., affected with 
lead colic—he is promptly “ laid off.'’'’ Hutchings describes* as efficacious the 
use of a lozenge made of sulphur, sugar, and peppermint, with J grain of 
sodium sulphide, which serves to convert any lead absorbed into harmless 
sulphide. 

* Blum and Hutchings, “ Untersuchungen liber bleivergiftungen und ihrer Verhiitung 
im industriellen Betrieb,” Frankfort a. M., 1900, quoted in Min. Ind,, vol. x., 1901, 
p. 437, 
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CHAPTER II. 

LEAD ORES. 

Metallic lead itself is found in nature, but only as a mineralogical curiosity. 
The principal minerals containing lead are the following :— 

Galena, PbS ; |86‘6 per cent. Pb.—This, the commonest of lead minerals, 
is frequently found in groups of cubical or octahedral crystals ; also massive, 
filling cavities. It is found in every country in the world, and in almost 
every variety of deposit, from true fissure-veins to impregnations in certain 
beds of limestone, dolomite, and sandstone. In most cases it is so mixed 
with other vein or rock matter, as to require some process of “ dressing ” 
to fit it for treatment by the smelter; and very often the admixture with 
other metallic sulphides is so intimate as to give rise to great loss in these 
preliminary mechanical operations.* The subject of ore-dressing scarcely 
appertains to metallurgy, although it is slightly touched upon in the chapter 
on the Treatment of Zinc-lead Sulphides, and the student may consult with 
advantage the compendium given by Foster in his Ore and Stone Mining, 
and for further details the exhaustive work on Ore-Dressing by Richards. 

Galena is almost always argentiferous, and its silver contents may be 
present either as isomorphous sulphide, Ag^S, or as some distinct silver¬ 
bearing mineral {e,g., argentite, stephanite, polybasite, fahlerz) finely dis¬ 
seminated through the cleavage planes; this difference is important as 
regards the dressing operations. In the former case the loss of silver in 
dressing is proportionate to the loss of lead; in the latter and by far the 
commoner case, the loss of silver in dressing greatly exceeds the loss of lead; 
since the silver-bearing mineral, besides being finer to begin with, is also both 
lighter andjmuch more brittle, so that it is driven into the finest slime, which 
floats away in and upon the surface of the dressing water. A notable case 
of this kind is to be found in the Zeehan and Dundas field of Tasmania, where, 
according to a series of assays of ores from different mines and workings 
given by Thomae,J the hand-picked ore contains on an average 94 ozs. silver 
per ton for 66 per cent, of lead, while the dressed ore carries only 76 ozs. 
silver for 70 perjcent. lead, a clear loss of 25 per cent, of the silver in the fine 
slimes carried off by the dressing water. Another instance of the same fact 
is to be found in the fine “ float'' or scum from the jigs treating Broken Hill 
ores, which frequently assays from 60 to 80 ozs. silver, although the lead 

^ See Chap. xvi. for the losses in dressing Broken Hill ores. 

t Reference may also be made to Kunhardt, Practice of Ore Dressing in Europe, 
New York, 1892 ; to Bellom, “ On the Mechanical Preparation of Ores in Germany,” in 
Ann. des Mines, 1891, vol. xx., p. 1; and to two papers in the Proc. Civ. Eng., viz., 
Curtis on “Gold Quartz Reduction,” and Commans on the “Concentration and Sizing of 
Crushed Minerals” {Proc. Civ. Eng., vol. cviii., p. 97, and vol. cxvi., p. 3, respectively). 

t Trans, Inst. Min. Met,, vol. iv., p. 60. 
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■concentrates produced in tlie same jigs run only from 25 to 30 ozs. Tke 
poorest galena as regards silver contents is that from Bleiberg (Carinthia), 
which contains only 1 dwt. per ton of ore; the richest known is that from 
•Schemnitz (Hungary), a specimen of which, according to Beudant, gave 7 per 
cent, of silver, or over 2,200 ozs. per ton.^^ 

It is a common belief among miners that the grain of galena is inlliieiiced 
by its richness in silver, the general idea being that a coarse-grained galena 
is likely to be poor in silver, and a fine-grained variety rich. Ho general rule 
of the kind can be formulated; t nevertheless, as regards certain districts, 
•some connection is observable between the grain of the galena and its silver 
contents. For instance, at Broken Hill, N.S.W., the coarse-grained galenas 
are said to be generally richer in silver than the fine-grained ; while, according 
to the author s experience in various parts of Mexico, the contrary rule often 
prevails as regards the ores of each particular mine, though the coarse-grained 
galenas from one mineral deposit may be richer than the finest-grained 
varieties from another. 

Gold itself may possibly occur isomorphously replacing part of the lead 
in galena, for Hevins describes^ a galena containing 268 ozs. Ag and 15 ozs. 
Au per ton, which failed to show any native gold by panning. The author 
has had a similar experience in Mexico.§ 

Cerussite, PbCO.^; 77* * * § 5 per cent. Pb.—This mineral is seldom found 
pure in quantity, except when occurring, as at Leadvillc and Broken Hill, 
in secondary crystals distributed through the “ gozzan"" of large complex 
ore bodies. In these cases, though itself comparatively free from silver, it 
is found associated with native silver and its haloid compounds, especially 
the chloride and chloro-bromide. It is nearly always mixed with more or 
less anglesite, and with oxide of iron and other vein material. Important 
•deposits at Laurium (Greece), Monteponi (Sardinia), Eureka (Nev.), Lead- 
ville (Colo.), Sierra Mojada and Catorce (Mex.), and Broken Hill (N.S.W.), 
are now approaching exhaustion, but other important localities which still 
yield large quantities of this ore are Carthagena and Aimeria (Spain), St. 
Eulalia and Velardena (Mexico). 

Anglesite, PbSO.^; 68*3 per cent. Pb.—Like the preceding, this mineral 
is invariably a secondary or decomposition product of galena, and it is found 
mixed with the carbonate everywhere, generally, however, in small pro¬ 
portion. When crystallised, it is, like the carbonate, nearly free from silver. 
The ores of Eureka (Nev.) and Hornsilver (Utah) were particularly rich in 
anglesite. 

PyromorpMte, 3 Pb; 5 (P 04 )o + PbCLj, with 69*5 per cent. Pb, and Mime- 
tesite, 3 Pb. 5 (As 04)2 + PbCL, with 76*2 per cent. Pb.—These two minerals are 
mentioned together, for, although the formuhe of pure specimens are as above, 
the former frequently contains As^Or,, and the latter large (piantities of I^Or,; 
while both may contain lime replacing the lead, and fluorine replacing the 
chlorine. Both are comparatively free from silver, and occur associated 
with cerussite in the upper decomposed portions of lead lodes, pyromorphite 
being, perhaps, on the whole, the commoner of the two, although mimetesite, 

* Phillips, ElementH of Metallurgy^ 1891, p. 617. 

t V. Percy, Metallurgy of Lead, p. 97. 

XE. and M. J., 1905, Ixxx., p. 769. 

§ Mineralogicod Magazine, vol. xiii., No. 62, p. 362. 
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when it occurs at all, is often more abundant. The ores of Eureka (Nev.)' 
contained much arseniate. 

Vanadinite, 3 Pb 3 (V 04)2 + PbCl^, occurs in considerable quantities at- 
the Santa Marta mines in Murcia (Spain); but although an important source 
of vanadium, it cannot be said to have any commercial importance as an ore 
of lead. 

Other lead minerals^ are Crocoisite, PbCr 04 ; Wulfenite, PbMoO^.; Stolzite, 
PbW 04 ; Mendifite, PbCl22PbO ; LanarTcite, Phosgenite, Claustlialite, &c., 
as well as sulphantimonides, such as Jamesonite, Bournonite, &c. Seeing, 
however, that none of these minerals occur in large quantities, or otherwise 
than associated with other ores of lead, they cannot be said to be of any 
metallurgical importance. 

Commercial Lead Ores,—Por metallurgical purposes the ores of lead 
are divided into “ sulphide ores,"" consisting in the main of galena, with 
greater or less admixture of blende, pyrites, chalcopyrite, mispickel, fahlerz, 
&c., and ‘‘ oxidised ores,"" called in America ‘‘ carbonates,"" under which 
general term is included not only cerussite itself, but all its admixtures with 
anglesite, pyromorphite, &c. 

Oxidised Ores.—It will be understood that the oxidised ores are not 
essentially a product of different districts from those producing sulphides, 
but that they are merely the surface gozzans, into which large masses of the 
latter have been decomposed by atmospheric agencies ; anglesite representing 
an intermediate stage in the transformation of galena into cerussite. The 
change from oxidised ores to sulphides may take place gradually, as at Catorce 
and some other Mexican mining districts, or suddenly, as on Iron Hill, Lead- 
ville.f The depth at which the change takes place also varies considerably ; 
thus at Broken Hill (hT.S.W.) large masses of unoxidised sulphides are found 
at only 200 feet from the surface, while at Eureka (Nev.) oxidised ores con¬ 
tinued down to 1,300 feet.J The principal factors which determine the 
depth to which oxidation extends are—(1) Depth below surface of permanent 
water level of country; (2) permeability of the rocks; and (3) amount of 
rainfall.§ By atmospheric oxidation the pyrites of the original mixed sul¬ 
phide ore becomes iron oxide in the gozzan, chalcopyrite forms oxide of iron 
and carbonate of copper, blende is partly leached away as zinc sulphate, but 
a part remains as calamine and smithsonite. The silver contents of the 
original sulphides partly remain as sulphide or sulphantimonite, partly 
become native silver, but more generally form haloid compounds with the 
small quantities of haloid elements contained in the air and meteoric water. 
In this way the silver of the Leadville “ carbonates"" was chiefly found as 
chloride, while at Broken Hill the chlorobromide, bromide, and iodide, and 
in Chili the iodide and bromide are most commonly met with. Carbonate 
ores are generally richer in silver than the deep-seated sulphides, to the 
oxidation of which they owe their origin. This may be due to several causes, 
but the principal one is undoubtedly the much greater solubility of lead 

* For details, works on mineralogy should be consulted, especially Dana, System of 
Mineralogy, New York, 1892. 

fBlow, Trans. vol. xviii.,.p. 170, 

J Curtis, “ Silver Lead Deposits of Eureka,” Monograph VII. U.S. Geol. Survey. 

§ For further information on this interesting subject the student is referred to a 
paper by Halse on “ Deep Mining in Mexico,” Trans. Inst. Min. Met., vol. iii., Part III.,. 

p. 418. 
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sulphate and carbonate, than of silver chloride and sulphide. Small nodules 
of galena are frequently found in carbonate, ores, which are very much richer 
in silver than the surrounding matrix, but these are of secondary origin in 
most cases. Any gold contained in the original sulphides remains in the 
carbonates in the native condition. 

Carbonate and other oxidised ores can be but seldom concentrated to 
advantage, owing to the comparatively low specific gravity of the oxidised 
lead minerals compared with galena, and to their great friability compared 
with the quartz, limonite, and other gangue. Concentration of carbonate 
ores, however, has been successfully practised at Tombstone (Ariz.),"^ and 
more recently at the British Broken Hill Co.'s Works at Broken Hill (N.S.W.). 
The loss of silver in the fine slimes is usually more serious than the loss of 
load. Attempts have been made to leach out part of the silver contents 
with a hyposulphite solution before concentrating for lead, also to separate 
most of the lead by a dry concentration process prior to working up the 
tailings by amalgamation or lixiviation processes ; but neither attempt can 
be said to have been very successful. 

Sulphide Ores.—With reference to these ores, it may be said that, as a 
general rule, those deposits in which the galena occurs most free from other 
metallic sulphides will be poorer in silver than those in which it is intimately 
associated with pyrites, blende, and other sulphides. Deposits in sedimentary 
rocks are almost always poorer in silver than fissure vein deposits associated 
with metamorphic or eruptive rocks. 

Galena occurs comparatively free from both blende and pyrites at Engis 
(Belgium), Mechernich (Hhen.-Pruss.), and in the upper parts of the lime¬ 
stone deposits (Lower Silurian) of Wisconsin and Illinois. Galena associated 
with blende alone is found at Eaibl and Blciberg (Carinthia) and at Joplin 
■(Mo.), while in the mines of St. Joe and La Motto (Mo.) it is associated with 
pyrites to the exclusion of blende. In all these cases the galena is almost free 
from silver, the ratios of that metal to lead varying, according to a useful 
little table given by Hofman,t from 1 dwt. Ag for 70 per cent. Pb (Bleiberg, 
Carinthia), to IJ ozs. Ag for 80 per cent. Pb (Granby, Mo.), and 4 ozs. Ag for 
60 per cent. Pb at Mechernich. All the above are distinctly sedimentary 
deposits, either in sandstone, as at Mechernich, or in limestone, as at the 
remaining localities cited. The Spanish galena deposits (Linares, Almeria, 
&c.), which arc also comparatively free from other metallic sulphides, are of 
.an intermediate cliaracter, averaging, as prepared for smelting, from 6 to 
10 ozs. Ag for 75 per cent. Pb. 

When galena is found most intermingled with other sulphides (especially 
with complex sulphides and sulphantimonides like fahlerz), and more par¬ 
ticularly when in contact or in connection with crystalline, metamorphic, or 
eruptive rocks, as in Bohemia, Saxony, Hungary, the Harz and the Kocky 
Mountains, it is usually richest in silver. As already pointed out, however, 
a large part of the silver contents of these complex sulphide mixtures does 
not exist as a constituent of the galena itself, but rather in distinct silver 
minerals, such as argentite, stephanite, and fahlerz, either finely disseminated 
through the cleavage planes of the galena, or through the matrix. Even the 
blende and pyrites in these mixed ores usually carry appreciable quantities 

Clmrch, Tram. vol. xv., p. 601. 

t Metallurgy of Lead, N.Y., 1893, p. 26. 
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of silver ; in some parts of tlie great Broken Hill Proprietary Mine tlie blende 
carries nearly as muck silver as the galena. In the Linares district of Spain 
galena is usually found almost free from admixture with blende and other 
metallic sulphides, and it usually carries only 6 to 12 ozs. per ton. The 
author has, however, in his possession a specimen of blende from the Tortilla 
Mine in that district which contains 100 ozs. silver per ton, although the 
galena from that same mine is very regular in its content of only 12 ozs. 
silver per ton. In another interesting case described by Freeland,* some- 
ore from the Minnie Mine at Leadville was separated as nearly as possible 
into its component parts of galena, blende, and p 5 n:ites, and the blende 
turned out to be much richer than the galena. The following analyses are 
by Boggs :— 



Galena. 

BleiuU*. 

Pyrites. 

Mixed, 

Pb,. 

72-65 

6-71 

2-21 

50-86 

Zn,. 

5-66 

55-08 

14-24 

12 86 

Fe,. 

1-60 

4-00 

35-40 

9-30 

S, . 

15-56 

32-44 

44*76 

24-50 

Ag,. i 

0-14 

0*324 

0-014 

0-039 

Residue, . . . . j 

4-12 

0-92 

1 

2-70 

1-88 


99-83 

99-474 

99-324 

99-439 

Silver, oz. per ton, 

41 

94J> 

4i 

111 


This is, of course, rather an exceptional case, and by no means the rule 
in the Leadville district; thus, Taylor and Brunton report t a similar series. 
of analyses from the Col. Sellars Mine, in which the galena contains 20 ozs., 
the pyrites 5 ozs., and the blende only 3 ozs. The series of analyses men¬ 
tioned has been quoted in full merely as a warning against the too common 
assumption that in dealing with low grade complex ores the only thing to 
aim at is a successful concentration of the lead. It may frequently happen 
that in spite of a fairly good saving of this metal, what with the losses of silver 
in blende and pyrites tailings, and what with the loss of finely divided true 
silver minerals in the slimes, the lead concentrates do not contain more than 
one-half of the silver value of the original ore. It is, therefore, in many 
cases preferable to smelt the whole mass of a complex ore body rather than 
to make any attempt at concentration. Analyses of smelting ores will be 
given in the sections dealing with the various processes of treatment. 

* “Iron Hill Sulphide Deposits,” Trans, vol. xiv., p. 181. 

t E. and M, May 8, 1886. 









SECTIOJf II.—LEAD SMELTING. 


INTRODUCTORY. 

Practically speaking, only smelting methods are applicable to the extrac¬ 
tion of lead from its ores. Wet methods, based on the leaching out of PbCi., 
or of PbS 04 by means of suitable solvents, and precipitation with iron, have 
been at various times suggested, but none have proved sufficiently promising 
to be worked on a commercial scale. 

As already seen, by far the commonest lead ore is galena ; comparatively 
small proportions only of carbonate, sulphate, and other ores are now access¬ 
ible,'*' and, as a rule, only as incidental accompaniments of large bodies of 
galena. The treatment of these oxidised ores, moreover, offers no special 
difficulty and requires no special appliances; they may be treated generally 
as roasted sulphide ores, oxidation having been effected slowly by atmospheric 
agencies instead of quickly in a furnace. The smelting of these oxidised ores 
in Australia, Mexico, and elsewhere will be described in its proper place, and 
the treatment of lead ores may be considered generally as referring only to 
galenas. 

Classification of Methods.—Three principal methods of treatment may 
be distinguished :— 

1. The Roast and Reaction Method, in which the galena is firstfroasted so 
as to convert part of it into PbO and PbS 04 ; the temperature is then raised 
so that these compounds react upon the unaltered sulphide with production 
of metallic lead and SO.j.f 

2. The Roast and Reduction Method, in which the galena is roasted pretty 
completely to lead oxide, which is then reduced to metal with coke or char¬ 
coal. A small proportion of sulphate formed in the roasting is either trans¬ 
formed into silicate at the end of the roasting process, and then reduced in 
the smelting furnace with the help of iron oxide, or it may be reduced to 
sulphide in the smelting furnace, and so form a “ matte"" from which part 
of the metallic lead is again set free by iron. In any case nearly the whole 
of the lead is recovered direct in a metallic condition. 

3. The Precifitation Method, in which galena is decomposed at a high 
temperature by the agency of metallic iron, forming metallic lead and a 
mixture of iron and lead sulphides, the so-called ‘‘ lead matte.^' 

These methods are rarely employed quite independently of each other, 
for the residues of the first method are almost always worked up by the 
second or third methods, and the second method is almost always combined 
with the third, and often with the first also. 

Except, perhaps, in parts of Mexico, 
t For equations representing these reactions ?*. Chap. i. 
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Besides these three established methods, there are others which it will be 
convenient to mention here, though they have not yet passed the experi¬ 
mental stage. 

A fourth method, which has been proposed, is that of direct oxidation 
by means of a blast of air without fuel, but it has not yet got beyond the 
<‘.xpcrimental stage. According to F. Laur,"^ Germot and subsequently 
Catelin a.t Clichy (France) have experimented on the direct production of 
metallic lead through the oxidation of molten galena by a blast of air. The 
reaction which takes place is the following :~ 

2PbS + 20 = Pb + SO 2 -1- PbS, 

One-half of the lead is reduced, carrying with it practically all the silver, 
and the heat produced is, in the case of rich pure galenas, nearly sufficient 
to volatilise the other half of the lead as sulphide (black fume). The furnace 
(‘.mployed is a circular cupola or shaft about 21 inches diameter and 15 feet 
high, closed at the top, except for charging tubes and a gas delivery tube, 
through which the gas and fume arc exhausted by means of a fan between 
the condensing chamber and the stack, also a tuyere tube suspended in the 
centre, a,nd capable of being lowered or raised at will. The furnace having 
been heated up, and 100 kgs. of lead and 200 kgs. of melted galena having 
h(‘.cn poured in from suitable tilting melting furnaces, the tuyere is lowered 
into the galena, and blast is turned on at the rate of about 350 cubic feet 
})er minute, after which from 1 to 3 tons of ore is gradually added through 
the charging tube. If the blast is properly adjusted, nothing but black fumes 
of PbS pass to the condensing chamber; if, however, the fume becomes 
light-coloured the blast is turned off and lead is tapped from the crucible. 
When ma,tte begins to follow the lead, the tuyere is lowered and air again 
blown through till the slag becomes liquid through scorification of the 
remaining load, when it is tapped off, and the cycle of operations again begun. 

The proc.css has not passed the experimental stage, and it is perhaps not 
likely that it ever will do so, but it is, nevertheless, of great theoretical 
interest. 

Another method, which is said f to be actually at work, is that of direct 
(‘Jcctrolytic reduction. Finely crushed galena is spread in a layer 1 inch deep 
on the i)ottom of flat, conical, hard lead pans, covered on the upper part of 
their sides by a thin coating of india-rubber, the charge of each pan being 
3 lbs. Eleven pans or cells are made into a pile, the bottom of each pan 
forming the anode, while the layers of galena form cathodes. Each pile of 
<uill8 is electrolysed in five days by a current of 33 amps, at 2*9 volts, four 
piles are connected in scries, and any number of the groups of four arc run in 
parallel. The lead takes a spongy form, and swells to a thickness of 3 to 4 
inches, the sulphur liberated as sulphuretted hydrogen passes away with 
excess of liydrogen, and is burned. The lead is suitable for use in storage 
hatteri('-H after washing and drying, or it may be converted into any of tlio 
i'ommcrcial (impounds of the metal. 

As regards the three established methods, the choice of method depends 
partly upon the quantity and nature of the impurities in the ore, partly 

* OeMcrr. ZdtHchr. f. B. u. IJ. Wesoji, L. xl., 55, Oct. 4, 1902. Abstracted in 
A’, ami M. Nov. 1, 1902, p. 574. 

4 PJ/edrorhemkaf Iiidufiln/, 1902, i., p. 18, and Min, Indy xi., 1903, p. 450. 
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upon local conditions, suck as tke kind of fuel available, and the price 
of labour. 

Tke Roast and Heaction Method may be carried on in keartks or in rever- 
beratories, and requires raw fuel only, but is suited only to kigk grade galenas 
containing 60 to 70 per cent, lead and upwards, since large quantities of otker 
substances interfere witk tke reactions of PbO and PbSO^ on PbS. It is 
quite inapplicable to ores containing muck quartz or silicates, wkick would 
form a fusible lead silicate, and so put a stop to tke reaction. Tke advan¬ 
tages of tkis metkod for dealing witk rick ores are :—(1) Yield of a very pure 
lead; (2) use of clieap forms of fuel; (3) no fluxes required; (4) compara¬ 
tively small volatilisation loss. Its disadvantages are:—(1) Production of 
a very rick slag whick must be re-treated ; (2) keavy labour cost; (3) large 
quantity of fuel required. 

Tke Preevpitation metkod in its original form was carried out eitker in 
reverberatorics or in blast furnaces, and involved actual additions of metallic 
iron to the charge in tke form of scrap. Tkis form of precipitation is still 
to be seen in some localities in connection witk tke reduction of grey slags 
and other oxidised products in blast furnaces, and witk the reduction of 
litharge and simila.r refinery bye-products in reverberatories. Instead of 
adding metallic iron to tke charge, however, tkis metal can be formed in tke 
furnace by the use of coke fuel, and muck ferruginous flux. In connection 
witk ore-smelting tke metkod only survives now as a blast-furnace metkod 
in tkis form. 

It is only applicable to rick lead ores containing comparatively small 
quantities of antimony, arsenic, &c., because these metals are also reduced 
by iron, rendering tke lead very impure. Silica and otker non-metallic 
minerals do not interfere witk tke process; and copper ores are well suited 
to it because tke whole of that metal, even if existing in very small propor¬ 
tions, becomes concentrated together witk part of tke silver in tke matte, 
from which both can be recovered. The advantages of tkis process are 
that it dispenses witk a preliminary ore roasting, and gives ultimately a good 
•extraction of lead witk comparatively low volatilisation losses of both lead 
and silver. It has, however, many grave disadvantages, especially tke kigk 
consumption of coked fuel, and the slow, because only partial and gradual, 
recovery of the lead, together witk a complicated matte treatment wkick 
makes the metkod a costly one for labour. 

As a distinct process for tke smelting of ores, therefore, tke metkod is 
practically obsolete, surviving only in the Upper Harz at Claustkal under 
•exceptional local conditions. Some precipitation, however, undoubtedly 
comes into play in ordinary blast-furnace smelting whenever reduction is 
good; and tke regular addition of tin-cans and otker sheet-iron scrap to the 
furnace charge, in. order to improve reduction, has only been extinct 
in leading Americian works a comparatively few years, while it is still occa¬ 
sionally employed as a remedy for exceptional furnace conditions. 

Tke Roast and Reduction Method is applicable to all kinds of ore, but 
especially to the poor siliceous, pyritous, and blendiferous ores which are 
so common, and wkick cannot be treated by tke foregoing methods. It 
comprises two independent processes, carried on in separate furnaces. Tke 
roasting is conducted in tke various ways to be described, and tke 
smelting of tke roasted ore takes place in blast furnaces, tke construction 
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of which shows great variation in detail, though the principle is always 
the same. 

Lead having such a great affinity for silver, which it dissolves readily in 
all proportions, poor lead ores are to a large extent smelted with a variety of 
ores of silver and gold; the object being to utilise the lead contents in the 
charge-mixture as a solvent or medium of concentration for the precious 
metals present, the commercial value of which is greater than that of the 
lead itself. Modern blast-furnace lead smelting, therefore, in a majority of 
cases, is to an even greater extent silver smelting; but in view of the fact 
that lead cannot be lost without at the same time losing silver, and that a 
good recovery of the former means, generally speaking, a good recovery of 
the latter, we may deal with the smelting of ores of the precious metals 
upon a lead basis, as if it were lead smelting pure and simple. 

The roast and reaction method may be carried out either in reverber- 
atories or in hearths, the residues in either case being run down in blast 
furnaces. Whatever the appliance employed, only a certain proportion of 
the total lead contents of the ore can be recovered direct in the first instance, 
together with almost all of the silver, the proportion varying from 80 tO' 
about 84 per cent, as a maximum. A good part of the remaining lead is 
locked up in the residues referred to; but, in addition, whatever the appliance 
employed, there is always considerable loss of lead by volatilisation, which 
becomes of greater importance in proportion as the ores are richer in silver. 
In all cases, therefore, the furnace flues are connected with a more or less 
complete system of flues and condensing chambers for recovering the flue 
dust. A separate chapter is devoted to this subject, which need not, there¬ 
fore, be further dealt with here. 



CHAPTER III. 


LEAD SMELTING IN REVERBERATORIES. 

Preliminary,—The ore for this process musr he crushed sufficiently fine- 
to pass a 4 or 5-mesh sieve, an operation which is usually performed before 
the ore reaches the smelting works, as part of the dressing'' or “ concen¬ 
tration ” almost always required to produce ore of sufficiently high grade- 
for the process. In all cases the process comprises two stages, which follow 
each other in the same furnace, and which are rapidly alternated several 
times. 

1st Stage or Roasting .—The ore is spread in a layer of from 3 to 4 inches 
over the hearth of the furnace, and gradually brought to a low red heat,, 
say 500° to 600° C., at which it is kept with free access of air, being contin¬ 
ually raked to expose new surfaces and to prevent clotting, which would 
suspend the process of oxidation. The roasting is not allowed to complete 
itself, sufficient undecomposed sulphide being left to bring about the reactions 
described in Chap. i. The rabbling in of small quantities of lead carbonate 
and sulphate ores or of litharge is of great advantage, since it shortens the 
period of roasting. Could a sufficient amount of these oxidised substances 
be obtained to mix with the galena in proper proportion, roasting might, in 
fact, be dispensed with altogether, and the reaction period entered upon at 
once in a hot furnace; but this is rarely, if ever, possible. 

2nd Stage or Reaction .—The temperature is raised so that the oxidised 
compounds may react upon unaltered sulphide according to the equations 
given in Chap. i. The reactions take place best at the temperature when the 
charge begins to soften, and are incomplete if it be allowed to melt. The 
charge is worked up with the rabble, lime being generally added to stifien 
it, and the cooling consequent on opening the doors stops the first reaction 
period, and brings about a second roasting, followed, when the doors are 
closed and the temperature again rises, by a second reaction. These opera¬ 
tions are repeated until there is not enough lead sulphide present to react 
upon the sulphate and oxide. The last operation, then, consists of adding 
fine charcoal or coal, which is well rabbled into the charge with the object 
of reducing part of the residual lead oxide to metal. 

The chief difficulty is to oxidise the charge uniformly, only just enough 
to secure the theoretical molecular proportions for the reaction; and as 
roasting goes on more or less during the whole period of reaction, it usually 
happens that considerable excess of oxide and sulphate is produced. This 
excess, together with more or less undecomposed sulphide, globules of met¬ 
allic lead, and the whole of the other substances mixed with the galena, 
remains on the hearth in a half-melted condition as the so-called ‘‘ grey 
slag,'" which is raked out for separate treatment. In former times this 
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sometimes consisted merely of crnsliing and washing to save the metallic 
lead, but generally an attempt is made to get out the combined lead also. 
In some cases, especially with rich ores, the residues from which are small 
in amount, the slags are treated in the same furnace, coal dust being rabbled 
in and the temperature raised to secure the reduction of the combined lead; 
but in this case the loss by volatilisation is considerable, and a notable amount 
of lead still remains as sulphide and silicate in the final residues. It is far 
better, therefore, to leave a larger proportion of lead in the grey slag, and 
work this up afterwards in blast furnaces. 

Yield of Metal. —The yield of metal depends chiefly upon the quantity 
and nature of the impurities present, but is also largely influenced by the 
hardness and mechanical condition of the ore. Comparatively coarse ore 
retains its granular character longer and agglomerates less readily than 
slimes or table concentrates, consequently gives a larger direct yield. Soft 
wclhcrystallised ores—particularly if readily decrepitating on the application 
of heat—also give a lower yield than the harder, fine-grained and less readily 
•cleavable ores. 

InfLuenee of Foreign Substances.— Quartz, day, and all other silicates 
•arc very injurious, as they form lead silicates which cannot be decomposed 
at the low temperatures prevailing in the furnace, besides glazing over par¬ 
ticles of undecomposed sulphide, and so protecting them from the reactions. 
The practical limit of silica in ores which can be advantageously treated 
by the roast and reaction process is about 4 per cent.; but a very much smaller 
4imount is suflicjient to glaze particles of ore and so obstruct the reactions, 
unless the heat is kept very low. 

Calcite {limestone or dolomite), like other inert substances, may, when in 
large amount, retard the reactions by interfering with the direct contact 
between the oxidised lead compounds and unaltered sulphide. Apart from 
this, however, it acts on the whole advantageously by hindering the fusion 
of the charge, at all events up to amounts of 10 or 12 per cent. When not 
present in the ore, lime is frequently added in small quantities during the 
process with the object of stifiening the charge and preventing fusion. 

Barytes and fLuors'par remain inert during the process, but when present 
together tend to increase the fusibility of the charge. 

Chalyhite often occurs as a gangue of galena ores, but can be mostly 
removed by dressing. Small quantities which remain with the ore lose 
their COo during the roasting and become converted into magnetic oxide 
of iron, which assists the reaction by helping to stiffen the softened charge 
nnd, perhaps, also, by acting as an oxygen carrier. 

Pyrites in small quantity has a. decidedly favourable influence on both 
the roasting and reaction periods. During the former it becomes oxidised 
to iron sulphates, which subsequently give off SO.^, and so directly assist 
the formation of lead sulphate. During the latter, the ferric oxide formed 
tends to stiffen the charge, and probably also to act as an oxygen carrier. 
In quantities above 10 or 12 per cent., however, ferrous sulphide tends to 
form and run down prematurely as a matte or “ regulus,"' retaining, more¬ 
over, lead sulphide in the residues; and with 35 per cent, pyrites the roast 
and reaction process becomes not only uneconomical but impossible.'*' 

* Bouliy, Ann, des Mines, 1870, vol, xvii., p. 178. 
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Clialcofyrite behaves like pyrites, except that some copper is reduced 
with the lead. 

Blende is partly converted into oxide and sulphate during the roasting 
and partly remains unaltered. Up to 4 or 5 per cent., the presence of blende 
assists the roasting process ; but 10 or 12 per cent, retards the reactions 
very much ; and 35 per cent., as in the case of pyrites, stops them altogether. 

Antimony (stibnite, Jamesonite, Bournonite, zinkenite) is the most dele¬ 
terious of all foreign elements, even in quantities of only 2 to 3 per cent. 
In the first place, both its oxide and sulphide are volatile, causing losses 
both of lead and silver. In the second place, they react upon each other, 
like the corresponding lead compounds, forming metallic antimony; part of 
this alloys with the lead, making it hard, and part volatilises again, carry¬ 
ing lead with it. Moreover, both oxide and sulphide are readily fusible, 
causing the ore to cake even during the roasting process; while the former 
combines with lead oxide to form lead antimoniate, which remains in the 
residues and causes them to yield a very hard lead when re-smelted. 

Arsenic (mispickel, &;c.), like antimony, is very detrimental, causing losses 
by volatilisation, and by combination with lead oxide to form arseniate. A 
portion also combines with the lead and contaminates it. 

Silver and gold in the ores follow the lead reduced to metal, very little¬ 
being left in the oxidised residue ; the lead reduced first is by far the richest 
in precious metals, so much so that it frequently contains four or five time 
as much as the last lead, and seven to ten times as much as that in the residues. 

Classification of Processes.—Until recently three main varieties of 
process have been distinguished—namely, the Garintkian, English, and Silesian. 
The first, however, is only a survival, and the last is but a trifling modification 
of the second. Besides these there was formerly in existence a distinct 
Cornish process (of which the so-called Breton process was a modification) 
now no longer in use. 

The Carinthian process was only suited to pure rich ores, but from such 
extracted a large quantity of pure lead with a low loss, its disadvantages 
being the high cost for fuel and labour. It was characterised by small 
furnaces and charges, and by a low temperature throughout, with the object 
of producing as nearly as possible 1 mol. of PbSO.i, or 2 mols. of PbO for each 
mol. of unaltered PbS, so as to get the theoretical reactions :— 

5 PbS + PbSO^ = 2Pb + 2SO.> 

I PbS + 2FbO = 3Pb + S02.“ 

Coal was added to the rc^siducs in the same furnace so as to get out as much 
lead as possible. 

This method was in use at Bleiberg, Carinthia, and also in Belgium; but 
has now given way*^ to a modified Silesian process, followed by smelting 
the residues in Pilz furnaces. There is, however, an American form of the 
process, which still exists to some small extent at isolated points in the 
Mississippi Valley. 

The English {Flintshire) process is conducted in large furnaces and at a 
high temperature, so as to get out as much lead as possible in the shortest 
time and with a small consumption of fuel; the volatilisation loss is, how¬ 
ever, rather high. Owing to the high temperature, reaction is at first chiefly 

* Oefiterr. Zeitschr. f. Btrg~ mid Hilttenmemn, June 3, 1893, p. 283. 
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iDetween PbO and PbS, but little PbSO^ being formed, except towards the 
•end of the process. 

The residues are treated in small blast furnaces (cupolas). The Silesian 
'process is simply an improvement on the ordinary Flintshire method, with 
the object of saving labour and securing lower volatilisation losses. It is 
carried on in large furnaces, and at as low a temperature as possible; in 
•consequence of which the proportion of lead obtained at first is smaller, 
and the residues for subsequent cupola treatment are much richer. 

The extinct Cornish process was adapted to the treatment of 60 to 70 per 
cent, lead ores containing some copper and other impurities The roasting 
and reaction stages were carried on in separate furnaces, and a larger quan¬ 
tity of PbO and PbS 04 was formed in the first stage than was required for 



Section C.D. 

Figs. 1 and 2.—Carinthian Furnace, American Variety. 

(Vertical and Horizontal Section). 

xeaction'^upon''PbS in the second stage. This excess of PbO was reduced, 
partly by the addition of ‘‘ culm and partly by scrap iron, the latter 
of which also served to collect copper and any remaining sulphur into a 
“ regulus,'^ which cleaned the slag so efiectually that it could be thrown 
away. The loss by volatilisation was, however, heavy, owing to the high 
temperature employed, and the process was more expensive than the 
ordinary English process. 

The Carinthian Process.—This process was, until recently, used at 
Bleiberg in Carinthia for treating galena concentrates of from 60 to 75 per 
cent. lead. A good description, with illustrations of the furnace adopted, 
is given by Percy, f The charges in this furnace were only 3 to 4 cwts., and 
* Anthracite slack. jr Metallurgy of Lead^ 1870, pp. 261-271. 
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the slag from two successive charges was reduced in the same furnace mth 
addition of charcoal. 

An almost exactly similar process was largely in use in Missouri and 
Wisconsin for treating the rich lead ores of the Mississippi Valley, and still 
lingers in some places. A good description is given by Hofman."^' Tbe 
furnace employed is in both cases essentially the same, and the American 
variety (which is the simpler) is shown in plan and section in Figs. 1 and 2. 
The charge in this furnace was about 1,500 lbs. of galena, which was worked 
of! in twelve hours, extracting an unknown proportion of the lead present, 
and leaving a grey slag "" which contained 55 per cent. Pb, chiefly as oxide, 
but partly also as silicate and sulphate. The Carinthian furnace is now, 
practically speaking, extinct, except in a few isolated localities, having been 
replaced by other methods less costly for labour and less wasteM of fuel. 
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Fig. 3.—Flintshire Furnace. 

The English Method.—As already mentioned, the characteristics of 
this method are the use of large furnaces and moderately heavy charges, 
which are worked off quickly at a high temperature, the direct yield of lead 
being high and the volatilisation loss also rather high. Two main varieties 
of the method may be described according to the style of furnace employed 
—^viz., the FlinUhire, and the Spanish reverberatory furnace or “ boUche” 
The Flintshire Furnace,—The ordinary form of this furnace is built 
upon an air vault, which serves to cool the hearth. In some modified fur¬ 
naces, instead of this vault, the whole furnace is open underneath, and is 
supported on iron rails or bars; and in any case it must be very strongly bound 
with cast-iron plates, buckstaves, and tie-rods. As a rule, the tapping plate 
is made 1J inches thick, while the plates in which the whole furnace is encased 
are f to f inch, preferably the latter. Common red brick is employed foi all 

* Metallurgy of Leady 1893, p. 89. 
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tte outside work, for tke lower bottom, and for all parts of the furnace not 
exposed to a high heat, but the interior lining is built of firebrick. The true 



Fig. 4 .—Flintshire Furnace, Couerori—Horizontal Section on C D (Fig. 5). 



Fig. 5.—Flintshire Furnace, Coueron—Longitudinal Section. 

working bottom of the furnace varies from 6 to 12 inches in thickness, and 
is composed of the grey slag produced in the smelting process, about 5 tons 
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being required for the formation of the bottom, which is patched as required 
with slags produced in the furnace itself. The grate is usually shallow, the 
ashpit being entirely open at the back, and frequently the ashes arc allowed 
to drop into water, the steam from which perhaps has some beneficial efiect 
in equalising the heat inside the furnace. Fig. 3* shows the ordinary form 
of Flintshire furnace, in which the centres of the fireplace and flue are approxi¬ 
mately in the longitudinal axis of the hearth, and the cast-iron lead well is 
situated in front of the middle working door at the front of the furnace. 
Figs. 4, 5, and Gf show Hutchison's modification introduced at Coucron, in 
which the line joining the grate and flue is set still further to one side of the 
longitudinal axis of the hearth, and the lead pot is placed in front of the 
third front door in order to withdraw the lead as far as possible from tlie 
influence of heat. This furnace also shows the construction on iron girders. 



Fig. 6. —Flintshire Furnace, CouiSron—Transverse Section through Tapholc. 


instead of the usual “ air vault " ; but these details are, of course, not essen¬ 
tial. The firebridge is always air-cooled, and it will be noticed that the exit 
flue is divided so as to permit of the flame being more spread towards the 
back of the hearth the side opposite the well). The cast-iron pot is 
usually provided with a separate fireplace in order to keep the lead molten 
while it is being ladled. The door frames and skew ba-cks are of cast iron, 
^ inch thick. 

Mode of Working,—The ores treated are from 75 to 80 per cent, by 
iron crucible assay. The usual charge is 21 cwts. dry weight (at Coucron, 
27 cwts.), which, if not already fine enough, is crushed with rolls to about 
an 8-mesh; after which it is charged into the furnace, still at a red heat 
from the previous operation, and spread over the hearth. 

First Stage — ''Galcination^—Tho temperature is kept low, the damper 
being closed, and all the doors are left open so as to get as much oxidation 

From Percy, Mttalkmjy of Lead, 1870, p. 225. 
t From Phillips, Mements qt'Metallurgy, 1801, pp. 643, 644. 
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as possible. This stage lasts from an hour and a half to two hours by which 
time about one-third of the lead is oxidised—^principally to PbO. 

Second Stage—Roasting or Reaction. —The grate is freed from clinkers 
and fired up with coal, and the dampers are slightly opened, while the front 
doors are closed, and the charge is vigorously rabbled through the back doors. 
Effervescence takes place and much lead trickles down into the well. This 
■stage lasts about half an hour, making a total of three hours from the 
charging. 

Third Stage—Melting down. —The doors are closed, the damper opened 
and the fire urged so as to melt down the whole charge into the well. This 
•stage lasts about half an hour (three and a half hours from charging). 

Fourth Stage —“ Setting upT —^All the doors being thrown open to cool the 
charge, a shovelful of slaked lime is thrown upon the surface of the molten 
■slag in the well, while the bed is well scraped with iron paddles to detach 
any adhering half-melted portions of the charge. All such material detached 
is well mixed by rabbling with that pushed back from the lead-well after 
thickening with lime, and the whole is then raked back and “set up '' on 
the sloping part of the hearth immediately beyond the firebridge. This 
stage takes about half an hour (four hours from charging). 

Fifth Stage—Second Calcination. —The damper being partly closed, the 
two doors near the fire are left open so as to oxidise the charge again during 
another period of about twenty minutes (four hours twenty minutes from 
•charging). 

SixtJi Stage—Second Roasting and Melting down. —The damper is fully 
•opened and all the doors closed. Vigorous efiervescence with reduction of 
metallic lead first takes place, and then the remainder of the charge quickly 
melts down into the well on top of the lead. This stage takes half an hour 
to forty minutes (five hours from charging). 

Two shovelfuls of lime being now thrown upon the surface of the slag 
4 ind well rabbled in to thicken it, the slag is pushed back from the taphole 
4 ind the furnace tapped into the pot. The slag is raked out through the 
middle front door and a new charge dropped and spread. 

The above sequence of operations is varied at difierent works ; thus with 
.‘Somewhat poorer ores it is common to subject the slag to a second “ setting 
up,'' followed by a third calcination and melting, the whole process then 
.taking six hours actual working time, or nearly seven hours including raking 
•out the slag, cleaning the hearth and spreading a fresh charge.^ Usually, 
however, two charges are readily worked ofi in a twelve-hour shift by two 
.smelters and a labourer. 

The lead in the pot is allowed to cool before ladling, during which a con¬ 
siderable quantity of dross (consisting mainly of PbS) separates, the separa¬ 
tion being assisted by stirring in coal slack and hot cinders. The mixture 
• of dross and slack is thrown back into the furnace-well, when a small quantity 
•of lead immediately sweats out, and is allowed to run through the taphole 
before stopping this with a plug of clay or mortar for the next charge (already 
ispread and “ calcining ”). 

Analyses of Products.— The following table adapted from Percy* 
.shows the actual condition of the charge at difierent stages of the process :— 


Op. cit. p. 235. 
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TABLE III. —Composition of Chaikje at end of Various Stages. 


Sample after 

Ore 

cliar^^ed. 

First 

Sta^e. 

Calcination. 

Third 

Staju'c. 

MeltiniLi'. 

Kourtli 
Stajj^e. 
Scttin.1;' up. 

Fifth 

Sla^j^e. 

Second 

Calcination. 

Sixth 

Sta{?e. 

Second 

Moltinj*:. 


Per cent. 

Pi'r cent. 

Per cent. 

IVr cent. 

Per ci'iit. 

Per cent. 

FbS, . 

S9-95 

(53-82 

53-3-J 

24-7(5 

4 -.35 

0-9() 

PbS04, 


3-42 

4-78 

(5-94 

14-02 

9-85 

PbO, . 

5*15 

27-25 

31-49 

43*12 

47-:)() 

48-87 

ZnS, . 

0*99 






ZnO, . 


i-25 

3-00 


5*72 

7-52 

CaO, . 

0’65 

1-32 

2-14 

7-38 

11-51 

12-(58 

Fe 203 and Al 20 ; 5 , 

i 0*42 

0-88 

1 -54 

2-95 

4-25 

5-87 

Combined SiOo,. 



... 

8-32 

11-04 

12-52 

„ CO 2 , . 

’id)2 


... 

3-99 




Insoluble residue, 

0-S5 

i'-(50 

1-12 

o-so 

’i’-45 

Total, . 

99-63 

- - . .....1 

99-54 

100-2(5 

99-(51 

99-19 

99-06 

Total Pb., . 

82-71 

91-30 

78*()() 

(5G-22 

47-8(5 

52-88 

Approx, weight 







of charge, 

21 cwts. 

18 (swts. 

8 cwts. 

4 c.wts. 

3.\ (AVts. 

2f|^ (AVtS. 


It is noteworthy that the projiortion of BbSO^ at first formed is com¬ 
paratively small, the lead being chiefly converted dir(u*t into oxide. The 
temperature of the mass at the first melting down is so low that no lead 
silicate is formed. After the addition of lime and the elimination of more 
lead, however, the residue (which is now much richer in ZnO, AloOjj, and 
Feo 03 , as well as CaO) is so much more infusible that, at the inc.reased tem¬ 
perature to which it is now exposed, PbO and SiO.j (uiter into (;ombiriation 
with each other. Percy discusses at some length* the function performt^l 
by lime in the process, and c.omes to the conciusion that its action is essen¬ 
tially, if not exclusively, mechanical. While its principal fiiiution is doubtU^ss 
mechanical, the author would suggest that possibly it may a,s8ist in liberating 
PbO from silicate formed during the first melting down, to act upon residual 
PbS ; for, although the silicates of lead undoubtedly rcvic.t upon Id)S dirca-t 
(as proved by Beckf), yet the temperature at whic/h i.his reaction bc‘-gins is 
in all probability above that which prevails at thc‘, scuamd cailcination stage 
of the lead smelting process. Percy himself shows, morc‘.ovc‘,r, that at tlie 
temperature of the final molting clown of givy slag tluu’c^. is no redaction bev 
tween lead sulphate and silicates The c|U{istion of thc‘. funciion pcntormc‘d 
by lime in the roast reaction proc.ess will be c-onsidcu-cid morc^- fully in thc‘, 
chapter on blast-roasting. 

Seeing what a large excc^ss of oxidiscal compounds is formed in thc‘. final 
stages of the process, it might be supposed that a bt'.tter })rc){)ortion of lead 
would be extracted by keeping the amount of oxidation low. It should bc^, 
borne in mind, however, that besides the bad effect of a large cjuantity of 
PbS liquating out with the lead, a lessened oxidation at first would greatly 
increase the duration of the process, and, therefore, its cost; besides, in all 

* Op, cit,, p. 237. t Quoted by Percy, op. ciL^ p. 48. 
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water. This helps to cool the hearth^ at the same time that it facilitates 
the discovery of any leaks. The actual working hearth is composed of 
hlast-furnace black slag, which is smelted in upon a layer of well-rammed 
biasque, as shown in Fig. 7. The outside well or kettle has a separate 
fireplace. 

Each of these furnaces works off three charges per 2-1 hours, each charge 
consisting of 1,600 kilos. (3,520 lbs.) galena averaging by iron pot assay 
77|- per cent, lead, together with 70 kilos. (154 lbs.) fume. Each furnace is 
worked in eight-hour shifts by two men per shift, who are allowed about 60 
kilos, (say 4 per cent, by weight) of lime, and 690 kilos, (say 43 per cent, by 
weight) of long-flame coal; they are paid ptas. 6.09 (say 4s. 4d.) per metric 
ton of lead produced, besides a bonus on the coal saved, which frequently 
amounts to as much as one-tenth of the total allowance, or even more, when 
the furnaces are new, so making the actual average consumption of coal 
over a long period from 37 to 40 per cent, by weight on the ore. The length 
of the campaign is variable, but averages six months. 

The direct yield of lead averages 64 per cent, by wcfight, or 83 per cent, 
of the lead contents of the ore. In addition, 3 per cent, of the original lead 
contents are saved in fume, which amounts to 4-2 per cent, by weight of 
the original ore. and contains on an average 54 per cent, of lead, while another 
84 per cent, of the original lead contents is recovered from the grey slags, 
which amount to 20 to 30 per cent, of the weight of ore smelted, making the 
total recovery 944 cent, of the original contents. 

The detail cost of smelting, together with sundry other details, will be 
found in Table V. The total cost given, however, amounting to ISs. OJd. 
per ton, covers only the costs in the reverberatory furnace; and allows nothing 
for the handling of bye-products, smelting grey slags, cleaning flues, cal¬ 
cining matte, &c. If all these costs be included, together with administra¬ 
tion charges, the cost is considerably over £1 per ton of ore smelted. 

At Desloge (Missouri), according to Ingalls,* the reverberatory process 
still survives in the shape of two furnaces of the Silesian form, 16 feet long 
by 11 feet wide, which are worked in the English fashion on eight-hour shifts. 
Each furnace is provided with a separate chimney, 55 feet high, and there 
are no flues for condensation of fume, so it may be seen that the process is 
wasteful. The grate is also exceedingly shallow, and there is much waste 
of fuel through the spaces between the bars. The working hearth is 8 inches 
thick of grey slag beaten down upon a brick basin, resting upon a layer of 
clay; the stoppages for repairs amount to about 20 to 25 days per year. 
Each eight-hour shift of two men works ofi a 3,500-lb. charge, but the ore 
being poor, the direct recovery is only 77 per cent, of the lead present. The 
grey slag is sold to blast-furnace lead smelters, who pay 90 per cent, of its 
lead value when it carries less than 40 per cent, of the metal. Each smelter 
gets $1.65, and each fireman $1.40 per shift. The ore is calcined without 
admixture of lime, and at the end of the roasting period from 85 to 100 lbs. 
of fluorspar (say from 2^ to 3 per cent, by weight) is scattered over the charge 
and thoroughly mixed with it by rabbling; the doors are then closed, and 
the whole of the charge run down into the well. The daily cost of smelting 
for five furnaces is given as follows :— 


K and M. J,, Dec. 5, 1905, p. 1111. 
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Labour Cost — 

1 foreman at 83.00, 

5 furnace crews at $9.90 each, 
Unloading 21 tons coal at 6 cents, . 

,, 14 ton.s lead at 15 cents, 

,, 7 tons grey slag at 15 cents. 


^faierlals, d:c .— 

21 tons coal at 8*2, . 

Flux and supplies, iron, &c., . 
Blacksmithing and repairs, 


Dollars. Dollars. 

3.00 

49.50 

I. 2G 
2.10 

J. 05 

- 56.91 

42.00 

13.00 

10.00 

- 65.00 


8121.91 

Per short ton 84.65. 

Other details of these furnaces and the work done in them will be found 
in Tables IV. and V. 

Spanish Furnaces ,—In the South of Spain a peculiar type of furnace, 
called the boliche/" designed originally for burning brushwood, and built 
entirely of sandstone or other refractory stone, appears to have been de¬ 
veloped locally from the original model of a baker's oven. Such furnaces 
were formerly used by the Alamillos and Fortuna Companies at Linares, and 
arc figured by Percy. In the old “boliche," burning brushwood, ashes and 
fine cinders from the ashpit were exclusively used for the purpose of ‘‘ drying " 
the charge and “ setting up " for re-roasting. With the advent of English 
smelters and of coal as fuel, lime was substituted for ashes, and is now in 
general use, although fine ashes are still sometimes mixed with the lime. 

Many modifications of the “ boliche " are in use, approaching somewhat 
to the type of the Flintshire furnace. That shown in Figs. 9, 10, and Ilf is 
from the San Luis Smelting Works at Linares. The outside of this is built 
entirely of the refractory sandstone which forms the common building stone 
of that district, the arch and lining being of firebrick, and the hearth of a 
brusque composed of refractory clay and fine coke breeze. 

There is only one door, a, which serves for working as well as charging, 
and is situated immediately in front of the firebridge, h. The hearth, c, 
is of an unusual shape, and the flame enters it in a very peculiar way at one 
cornel', curving round towards the flue, which for a short distance is double 
and then single, a wide fluc-chamber at d being supposed to have an impor¬ 
tant effect upon the draught; so much so that different smelters have their 
own special fancies about the shape and size of the flue-chambers attached 
to their furnac.es, which in some cases attain to exaggerated dimensions. The 
hearth is inclined steeply towards the interior well, e, in front of the single 
door, which is provided with counterbalanced iron sliding door, and the usual 
iron bar extends across to serve as a tool-rest. The cost of such a furnace 
erected in Linares is about £140. 

Mode of Working.—The charge of the Spanish furnace figured is 3,372 
lbs. of a pure galena with 78 to 80 per cent, of lead, and three charges are 
worked off in 24 hours by a smelter and an assistant per shift, with an extra 
assistant every 24 hours to make up the charge, clean up round the furnace, 
&c. 

Matalluryy of Lead j p. 250, 

t Sanchez y Massia, Mr.talurgia del Plomo, Madrid, 1893, i). 62. 







The charge is first spread over the hearth as evenly as possible, and the 
doors are kept open while the temperature is kept at a dull red. This first 
stage of calcination lasts from 1| to 2 hours. 
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The firebars are cleaned, and the fire is made up, the smelter stirs the 
charge, and turns it over to expose fresh surfaces; after which the fire and 
furnace doors are closed, and the temperature is raised quickly to cause 
reaction and the running down of the charge to the interior well. 

When this has taken place the doors are thrown open, and the slag or 
partially molten charge on top of the lead is set up "" and spread over the 
hearth, where it is re-calcined with the furnace and fire doors fully open, 
this second calcination lasting about an hour. When the operation is judged 
to have reached a proper point the doors arc again closed, and the fire urged 
to a second running down of the charge. The slags are then thickened with 
lime and withdrawn, the lead in the interior well is drossed, and it is then 
tapped into the outer well, from whence it is ladled into moulds. The whole 
•operation in practice takes about 7 to 7i hours. 

The direct yield in lead on ores containing from 78 to 80 per cent, of 
that metal is about 62 per cent, of the weight of the ore, or, say, 80 per cent, 
of the total lead present. Of the remainder, 8 per cent, on an average is 
recovered from the slags, which contain on an average 50 to 55 per cent, of 
lead, 3 per cent, is collected in the fume, and the remaining 9 per cent, is 
lost. The fuel consumption is on an average 10 per cent., though with great 
■c.are it may be cut down to 33 per c‘ent. 

The high volatilisation loss is due in part to the awkward position of tlie 
working door immediately in front of the firebridge, which also is accountable 
Cor the great amount of inconvenience and ‘‘ leading"" to which the work¬ 
men are exposed. 

The direct cost of smelting in these furnaces for labour and fuel, lime 
and tools only, without any allowance for repairs or general expenses, is 
about 10s. per ton of ore treated. 

The Silesian Process may be c,onsidercd as the slow, low-temperature 
Carinthian process carried on with large charges in a modified English fur¬ 
nace, the final stage of slag reduction being omitted and carried on in cupolas. 
'The use of a large furnace secures the principal advantages of the English 
process—namely, a large production at low cost for fuel and wages. The 
incomplete slag reduction is no drawback, since in any case reverberatory 
treatment of lead slags has always to be supplemented by a separate treat¬ 
ment in a hearth or cupola, by which means the volatilisation loss is lessened ; 
and by stopping the reduction early no copper or antimony come down with 
the last lead to contaminate that already tapped. The lead produced in 
this process is, therefore, purer than in the English process. Moreover, the 
volatilisation loss of lead is less than by any other process, owing to the low 
temperature at which the roasting is conducted- 

Th© Silesian Process at Tarnowitz (Upper Silesia),*—The process at 
the Friedrichshutte, Tarnowitz, is a little peculiar in that a portion of the ore, 
;specially rich in blende, is roasted as thoroughly as possible in a long rever¬ 
beratory roaster and then added to the rest of the charge in the lead furnace, 
together with flue dust, litharge, and other oxidised products from the re¬ 
finery, all of which assist in the reaction upon undecomposed lead sulphide. 

The ores treated contain about 70 per cent, lead as galena, with 5 per 
cent, zinc as blende, and trifling admixtures of pyrites, chalybite, calcite, 

* ZntHchrift fHr Bern-TIrttlm.- mid BaHnm-WcHen, vol. xxxii., p. 94, and vol. xxxiv., 
p. 292; also Schnabel, Jlandhuch dfr j^retallhultankinide, vol. i., p. S05. 
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dolomite, and^calamine. They axe practically free from copper and arsenic, 
•contain^veryjlittle antimony, and only about 5 ozs. of silver per ton. 

The construction of the furnace used is shown in the following Figs. 12 




to 15. In general form it somewhat resembles the English furnaces already 
described, especially the Coueron modification of the Flintshire furnace, for 
the hearth slopes gradually towards the sump, and not suddenly as in the 
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old Elintsliire furnace, and the avoII is at the farther end door. It is rect¬ 
angular in form, with four working doors on each side, the well being at the 
coolest end of the furnace below the door next the flue, the opening into which 
is divided into four by means of brick partitions. The bridge is hollow, and 
('(uitains a cast-iron trough, cooled by a current of air wdiich is drawn through 
it by means of a hole in the roof, as shown on the plan, Fig. 13. The iron- 
grate bars a,re placed transversely in the firebox, and not longitudinally as 
usual, firing takes ]3lace from both sides, ashes being removed at the end of 
the furnace. The roof is horizontal from the firebox to the centre of the 
liearth, where the charging opening is situated, falling thence in a straight 
line to the flue (longitudinal section, Fig. 12). The furnace is completely 
cased in iron plates strongly bound by iron-rail buckstays and tic-rods. The- 
hearth is built of red brick on a thick sand bed sloping towards the flue at 
about th(^ right angle for the final hearth, as shown in Fig. 14. Over this 
is formed the trough-like brasque bottom, composed of clay 1 part, coke 
3 parts, which slopes towards the well, and varies in thickness from 4 inches- 
to 12 inches. The actual working bottom is a layer 4 inches thick of slag 
having a high melting point, and spread evenly over the whole area, following 
the surface of the brasepu^ bottom already rammed to the proper curve. 
Iliis working hearth used to be made of tap cinder, but ordinary gray slag 
mixed with lime is now used instead, exactly as in English furnaces. 

Mode of W‘orking,-~~-Tlu^ charge weighing 2,500 kilos, (say 2| tons. 
English) and crushed to pass a e^-mesh screen, is dropped into the furnace, which 
is already at a dark red heat (500° to 600° 0.), and spread out so as to form a 
layer 3 inches to 4 inches thick. The fire is fed with cinders only, so as to- 
keep the temperature low ; tlu'. galena begins to decrepitate, and the change 
gradually acciuires the temperature of the furnace after half an hour. The 
doors are now opened, a.nd I’oasting begins at the surface of the charge, a 
white crust of oxif’e and sulphate being formed. About every twenty minutes 
the charge is turned over by means of paddles, or stirred wfith rabbles, so as 
to expose new surfaces to the action of the air and prevent clotting. After 
four hours the oxidised additions are made, consisting of a portion of the- 
same ore previously roasted, with, flue dust and carbonate ore when available. 
The total weight of these additions is about 10 to 12 cwts., and they are well 
stirred in ; at the sann^ timet thee grates are cleaned and fed with good coal, 
and the damper is fully openeal so as to raiset the temperature. The reaction 
period begins, h^ad runs down, and the ore softens so much as the tempera¬ 
ture rises that lime has to be thrown on the charge and well rabbled in to 
stiftVn it-, after which the wlioh' charge is turned over The working doors- 
b(‘ing open during th(\s(‘ operations, tlie furnace cools off so much that the 
(low of lead ceasc‘8, while mortt of tlie undecomposed sulphide oxidises. On 
shutting th(‘. furnace doors the temperat-ure soon rises, reaction begins again, 
and mort^ lead flows out. This alternate oxidation and heating of the charge 
takes place at intervals of about one and a-balf to two hours throughout the 
wlioh^ p(‘riod of reaction. About three hours from the start the well is tapped 
into the kettle, poled there, drossed, and ladled into moulds, the dross being 
set asid(^ for subscqmmt treatment. This first kcttleful of “ virgin lead 
carries from 50 to 60 ozs. of silver per ton. About 10 cwts. of oxidised 
shimmings from the steam refining of lead desilverised by the Parkes process, 
and containing 75 to 80 per cent. PbO and 18 to 20 per cent. ZnO, arc now 
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added and the doors closed, while the lire is fed with small coal to ensure 
a smoky flame. This reduces lead sulphate to sulphide, and lead oxide to 
metal, and the flow of lead begins again. Further tappings are obtained 
each hour and a-half, steadily decreasing, however, in amount and in silver 
contents. Before the last tapping the kettle drosses obtained by politig the 
previous kettle leads are thrown into the furnace and melted down with 
the last tapping. In all, the reaction period lasts seven hours ; after which 
the residues are raked out, the. hearth repaired where necessary and s])rinkh‘d 
with lime, and a new charge added. 

The removal of the residues was formerly elfected by ralcing them out of 
the last working door opposite, the well into a box lilled with water, but 
the fumes were very injurious to the workmen (unployed, a,nd dangerous 
explosions sometimes occurred. In th(‘. latest furna,c(‘., the residues are rak(‘d 
through an opening in the furnace hea,rth, which is covered by an iron plat(‘ 
during the working of the cliarge, into a wheeled iron slag pot underneath. 
This improvement, not shown in the figure', has had a, great effect on the: 
health of the workmen. 

About 60 to 65 per cent, only of the lead conhmts of th(‘ ores arc' vx- 
tracted as work-lead, containing on the aveu-age 6 to 7 ozs. silvc'r p('i‘ ton ; 
the remainder is all found in the residues (amounting to 30 to 35 [)er c.ent. 
of the weight of the charge a,nd (*.ontaining 40 to 55 per ca'nt. meta.l), ('xcept' 
about 4*45 pea* cent. Of this, most is rc'.covcuud in the' form of llue-dust, 
which chiefly consists of PbSO,^, so that the rc^al Ims in tlu^ procc'ss umuu'ountc'd 
for is only I| per cent.*^—c'ahailatcd on the (annnn'rcial <lry assay of the' orc'. 
The residues are treated in a cupola furnace'. 

The total length of a,n operation is 11 to 12 hours, two nu'u working on 
each 12-honr shift. The consumption of fue'l varies be'iwee'n 10 aaiel 50 pe'r 
cent, of the wcught of the' (‘luirge, and that of lime^ amounts to about I pc'i* 
cent. 

At Bleihmj near Montzen (Belgium)f the furnaces in use is similar, ('xc.ept 
that it has a fire-place at e'ach end, the lliu' opening bc'ing in the' middle of 
the arch. The calcination pe'riod on a 2-ton c-harge- lasts six hours, arid the' 
period of reactions six hours. Further details are' give'ii in Table's I\'. 
and V. 

The Flowing or Cornish Process. In this proee'ss, now e'xtinct, Ihe* 
operations of calcination and of reaction were' pe'rfornu'd in se'fwiraie' furnace's, 
and a larger efuantity of .PbO and PbSO., was fornu'd in the' hrsi- than was 
required for re-action upon PhH in tlic- second. The' lu'arth of the' calcining 
furnace was rhomb-shaped, the firebridge' and flue' door be'ing at. the' e-nels 
of the longer axis, and the working doors at the' ends of the' transve'rse' 
axis. The charge was from I| to 3 tons, acceirding to size', and tfu' 
calcination took 15 to 18 hours with a ceml e-onsumpthm of 30 pt'r ea'iit. 
by weight. 

The flowing furnace is re-c.tangular and longe'r, and contains four working 
doors on opposite side-s, besides the flue door at the' e'nd opposite- the fire*- 
bridge. The hearth is saucer-shapc'd in longitudinal se'ction, and wholly 
inclined sideways towards the se'c-ond door em the' front, he'iu'ath whicli is 
the usual cast-iron pot. The whole of the lu'arth is carried on iron bars 

Hchnabel, llandhvch dvr J\Icta!lh(it(cnktnid(\ vol. i., p, .107. 
t Schnabel, op. p. 10B. 
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stretched transversely across the foundation walls and arranged roughly 
parallel to the contour of the working bottom. 

The charge in the Cornish process was 2 tons of calcined ore, which was 
spread on the hearth and run down into the well in about three hours, when 
the lead was tapped out, the residues thickened with lime and culm and 
“ set up."' Some 5 per cent, of scrap iron was then thrown into the well, 
and the charge again melted down, the lead being tapped out together with 
the matte, or ‘‘ slurry," formed, which carried nearly all the copper present 
in the ores. The whole time required to work off a charge was about eight 
hours, and the coal consumption 40 per cent. The slags were usually poor 
enough to throw away, and the process was specially adapted to the smelting 
of coppery ores containing only 60 to 70 per cent. lead. 

The whole operation in the flowing furnace usually took about eight 
hours, and on account of the higher temperature required to melt the larger 
quantity of refractory material, the volatilisation loss and consumption of 
fuel were both greater than in the Flintshire furnace, which more than offset 
the advantage of cleaner slags. The flowing furnace has been, however, 
very largely used in Wales and elsewhere for reducing the grey slags of the 
Flintshire furnace, as well as for treating rich silver ores, lead residues, oxi¬ 
dised refinery products, ieweller's “ sweep," &c., and is still in use to a con¬ 
siderable extent for such and similar purposes. 


TABLE IV. —LetaiLkS of llEVEKinncATOin’ Lead Fuknaces. 
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Method. 
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11'0" 

S' 10" 

9' 

6" 

,, medium width, . 
Grate length. 

) 1 

2' 0" 

9' 6" 

8' 10" 






r 0 " 

:V if 

4' ()" 

7' 0" 

8' 0" 

S' 0" 

8' 0" 

6' 

6" 

,, width, . . 

V :r 

2' 0" 

2' 6" 

T 10" 

1' 8" 

3' 0" 

1'8" 

2' 

8" 

Bridge length, 

r 

2' 0" 

3' ()" 

4' 11" 

()' 0" 


6' 0" 

6' 

0" 

,, height above hearth, 

4"-5" 


12" 

12" 

1' 3" 


1'3" 



,, height to roof, 

9" 

()" 

9" 

l'*^10" 

T 0" 


I'O" 

1' 

0" 

Grate area : hearth area, 

1 : 6 

1 :5-4 

1 : 10 

1 : 9-4 

1 : 9*0 

1 :7'5 

1 : 10-6 

1 : 

8-3 

,, : c h i m n e y 










section. 

7 : 1 

8:1 

1-1 : I 







Hearth area (sq. ft.), . 

55 

:n 

94-5 

100 

127 

170 

ui) 

141 


Comparison of the Various Processes.—Comparative data have been 
thrown into tabular form to facilitate reference. Table IV. gives construc¬ 
tional details of various lead furnaces, and Table V. details of the operations 
carried out in them. 




TABLE V. —Comparative Data of Reverberatory Lead Smeltino. 
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i?e/ere??c&?.—1. Hofman, Met, of Lead, 1893, p. 107. 3. Percy, Met, of Lead, 1870, p. 231. 4. Phillips, ElemeniR of 

Metallurgy, 1879, p. 540. 5. Perc}^ op. cit., p. 243, and Hofman, op, cit., p. 107. 6. Private EoteR, 1908. 7. Ingalls, 

Eng. and Min. Joimi., Dee. 1905, p. 1111. 8. Sanchez y hi assia, Metcdurgia del Plomo, 1893, p. 62. 9, Schnabel, Hand- 

huch der Mefallhiittenhnide, 1894, p. 305. 10, Pyid., p. 308, 
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Bye-Products and their Treatment, 

The principal bye-products of reverberatory lead smelting are grey slag 
and fume. 

Grey Slag .—The composition of this substance varies considerably, as 
shown by the following analyses :— 


TABLE VI —Analyses of Grey Slacks. 



Cariiitliian 

Furnace, 

Eiigir. 

Air Furnace, 

Fliiitsliire, 

Flintshire, 

Silesian, 


3Iissouri. 

Holywell. 

Eagillt. 

Tarnowite. 

Ilefereuce. 

1. 

2. 

3. 

4. 

5. 

Pb (free), . 

PbS, 


20-929 

0-90 



PbS04, . 

PbSiOs, . 


2-349 

9-85 

18-73 

13-269 

45-05 

44-261 

59-28 

48-28 

12-373 

PbO, 



2-11 


24-375 

ZnO, 

20-80 

7-146 

7-52 

12-00 

22-857 

ALOs, . 

Pe^Os, . 

j- 14-70 1 

0-152 

3-680 

3-01 

2-86 

0-71 

tr. 

PeO, 



3-89 

8-957 

FeS, 





1-823 

MnO, 





tr. 

OaO, 

3-70 

4-650 

12-68 

13-50 

1 11-190 

MgO, 


3-948 




C, . . . 





4-821 

Ag, . 

S, . . . 





0-015 

(HO 





SiOa, 

Insoluble, 

15-85 

12-049 

1-45 

2*12 



99-80 

99-063 

99-66 

99-23 

99-680 

Total Pb, . ! 



52-88 




References. —1. Bouhy, La fabrication tin plomh, 1870. 2. Williams, Geol. Survey 

of Missouri, 1877, pp. 8-101. 3. Perc}'-, Metallurgy of Lead, 1870, p. 235. 4. Ibid., 

p. 239. 5. Ibid., p. 242. 


It is sometimes treated in the flowing furnace, sometimes in the slag 
hearth (a form of low, open, blast furnace), more commonly, however, in 
some form of cupola or high blast furnace. 

Fume .—Some analyses of this substance from reverberatory furnaces are 
given in Chapter xii., and the various methods of collection and condensa¬ 
tion are also dealt with in that chapter. Various modes of “ bricking'' it, 
as a preparation for further treatment, are also referred to in the same chapter. 
At a large number of reverberatory smelting works the fume is bricked and 
run down in a cupola together with the grey slag, but, owing to its light 
character, it is best treated in reverb oratories mixed with the ore, since it 
serves to shorten the roasting period and facilitates the reactions. 

At the Cordoba Smelting Worksf grey slags from the modified Elint- 

* V. Table IX. for an analysis of imperfectly fused grey slag from hearth smelting, 
t Private Notes, 1908. 
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shire furnaces described and figured are smelted in a. slag-(‘ii])ola, similar in 
o'eneral to that shown in Figs. 75 and 7(), built of reiVa,et(>ry grit (Uit to sliapi^ 
by contract, 15 or 16 stones going to form tlu' circle 7 h‘.(‘t 6 inches in outsich' 
diameter, each ring being from 5 to 6 inches high, and varying in thickmsss 
from 2 feet near the bottom to 18 inches a,t the top. ar(‘ two of t.lu‘S(‘ 

■cupolas, one with live and the other with six water-tuyioH's, one Ixhng 11 
.and the other 45 inches in diameter at tuyere level, wliih* tlu‘ luhghl is in <‘aidi 
■case about 6 feet from tuyeres to to]> of cha.rgc‘“Columu at. ih(‘ haul-door. 
The charge is made up together with the fuel into Ixals, a typical bed consists 
of grey slag 38|- tons, iron ore 15.1 tons, limest.on(‘. 8] Ions, foul slag (from pr(‘- 
vious operations) 101 tons, and (‘oke 101 tons. 1hi(‘ fint consumption is 
thus about 14|* per cent, by wcuglit on the charguv Blast, is furnislnal to the 
two cupolas by a Thwaites’ No. 4 Koots’ blowin*, running at. lOO t.o 120 lu*volu¬ 
tions per minute. Lead is tapped once or twic(‘ a. shift, into a, pot sunk in th(‘ 
ground by the side, of the furnace, wlnmca*., a ft.(‘r dressing’, it. is cast- into moulds. 
A syplion-tap {v. Chap, viii.) was tihul on th(‘S(' cupolas, but. did not work 
well, because the men dipped out too much lead, and down tln^ charge, 
with the result that the taj) froze*. a.ud gave* t.rouhh*, so tapping from the* 
bottom of the crucible was again r(‘se)rted ten Slag runs ahue)st. e’e)ntinuously 
from a tapholo into long conie-.al ire)n pots e)f t.he* e)lel (h‘rman patt(‘rn, which 
.are removed at intervals by means e>f an iti(lep('uele‘.nt. carriage*, a.nd aIle)W(*el 
to cool. Near the point e)f the*. e*onens a. ge)od ehuil e)f matte* acemmulateus. 
This is roasted in heaps and re*.turne*d te) the* furnaeu*s, tog‘i‘the*r with the* 
dross, (fee. Each furnac.e puts thre)ugh 35 te) 38 tons of cdiarge* pe‘r elay, and 
requires six men per eight-hour shift, besieh's a fe>re'man, makitig the* cost for 
labour -ii- of a man peji: ton smelteul, or a.t the* prie*(*s paiel, say Hllel. pe*!* ton. 
The better direct yield of silve'r in the* original Hme‘lting as compare*el with 
that of lead is exemplified by the^ fact that, while* t.he* ore* h‘atl fre)n) the* 
reverberatories contains 12 te) M e)zs. silve*r, that from t.he* slag eaipe)las 
contains only 3| to 4| ozs. 

The cost of smelting pen: ton e)f grey slag sme‘lt.e‘d at the* pn*vailing prie-cs 
for fuel and fluxe*s, ne)t ine'luding tlie* cost of })last, is as follows : 


Labour (incliuliiig i-(^pairH), 


Per T<m eO'<‘> 
reset UM. SltTlIuK at. *>. 

4.H2 £0 a 5 

Iron flux, at 19.00 ptsHetas r 

l4/“ per 

T.tll 

0 5 S 

Limestone, at 3. 00 ,, 

2/2 ,, 

O.I’m 

0 0 0 

Coke, at 55.‘iO ,, 

30/5 ,, 

I I.SO 

0 10 7 



2S.1H 

t:i 0 1* 


It is clear that some^ e*e'.e)ne)my could he* e*tTe‘ct,e*el on tlu‘se‘ figure's by some¬ 
what increasing the proportie)!! of lime'stoue* and ele'e're'asing that- of iron flux, 
but it would be neeiessary te) e'mploy a. \vate‘r~ja(‘ke‘.t(‘d furnace*. The* h<‘iglit 
of the charge-column e:ould alse) be* ine*r(‘aHe‘el with grt'at advantage* as regarels 
fuel consumption and ve)latiliaation loss. 

The black slag""" producexl from sued) slag-cupoias as t.hose* eh*Hcrib(*el is 
■of variable composition, depending not e)nly upon the*, nature* of t.lu* gaaigiu* 
associated with the original ore^ but upon the^ <*omposition of the* fluxe-iS 
•employed, and even tliat of the mateu’ial of whi(*h the* furnaces were built. 
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'he following Table VII. gives the composition of a few samples of black 
lag from slag-cupolas :— 


TABLE VIL —Analyses of Black Slags. 



Cordoba, 

Spain. 

La Tortilla, 
Linares, 
Spain. 

Petraeus, 

Joplin, 

Mo. 

E-eference. 

1 

2 

3 

SiO.>,. 

33-75 

39*80 

22 to 28 

FeO",. 

19*45 

12-10 

31 

MnO,. 

1*78 

0*50 


CaO,. 

19*75 

30*90 

20 to 24 

MgO. 

2*82 



AUOg, . . . . . ] 

17*55 

12*97 


ZnO,. 



7 

S,. 

6*50 



Pb,. 

0*30 

3*61 

6*7 


95*90 

99*88 



References ,—1 and 2. Author’s Laboratory, 1908. 
1907, p. 867. 


3. E. and M. J., November 9, 








CHAPTER 1\. 


LEAD SMELTING IN HEARTHS. 

The “ hearth'' is a species of low furnacu^, the Ixist known (example, of wliic.h 
is the blacksmith's forge, in which th(‘. e-harge, niixcnl with fuel or in acTual 
contact with it, is handled by appropriate tools, while th(‘. h(‘at is kept up 
by the action of a blast on the find. It may \n^. said, therefore, to b(^ in its 
operation intermediate between a riwerberatory a,nd a blast fiirna,(‘.(‘. Tin^ 
mixture of fuel and ore floats on a bath of moli.en haul, of which th(‘. hearth 
is kept full so as to avoid the formation of (‘.rusts. Tin* I'oast and ixaie.tion 
method," as carried on in tlu^se furnae(\s, dilTers (vssmiiiahy from that in 
reverberatories, because roa,sting and rcaietion go on simuItan(H)usly; and 
there is considerable direct reduction of haul oxides (fornual by i<h(‘. ae.tion of 
the blast on galena) to nn^tal by the glowing fiu‘h As iH'gards purity of tlu^. 
ore adapted to the process, the sanu^ e.onditions which gov(‘rn its a.pplieahility 
to reverberatory treatment must be ev(m mort^ strictly obs(u*Vi‘d; whih% iJu‘ 
volatilisation loss being much higlun-, argent,iferous gahma-s an', always Ixht.er 
treated in reverberatories. Einely-powdc'nHl ore, moreov('r, if tnaiUxl in a 
hearth without previous agglonua’a-tion or partial roa,slang, givers ris(‘. to e.on- 
siderable loss, as it is stmt into the llu(‘s by th(‘ blast. Ort^s eonta,ining 80 ptn* 
cent, of lead will yield ‘‘dirtmt " in tlie luairth from 50 to 03 ptu' tumt., tlu^ 
remaining 17 to 20 per cent, goiiig to slag and funu'.; whereas on^s containing 
65 to 70 per cent, lead will not yield mort^. than *12 to 4*1 ptn* cent, direct, tlu^ 
amount passing into the slag and inme. lading no h‘Hs than oiu^-third of the 
total lead contents of the ore. 

The capacity of the hearth is less tha-n that of tin*. rt‘.V(U*b(watory, and it 
requires power and a blowcw. On tlu^ otluvr hand, tlu‘ fmd consumption is 
less (usually not more than om^.-half) any kind of fmd can b(» ustxl, from 
coal to wood or peat; and it poss(\SB(^s tlu*. gn^at advanta.g(‘ ov(M' a nwcu'btu*™ 
atory of being easily stopped and started again without ttiuc-h loss of tim(‘ or 
of heat, and witliout those strains caused by a.lt(unat(‘ (‘.xpansion and (‘,on- 
traction which are so destructiv(‘. to the brickwork of a, r(‘V(‘rb<‘ra.t/ory. V(uy 
perfect arrangements are nec.(‘,ssary for drawing oil and c.ondcmHing as mmdii 
as possible of the volatilised lead fume, oth(‘.rwis(‘. the operation of tlu‘. luairths 
is dangerous to the men employe*,d, who an*, mon* e.xpomul to tlu*. funu^s than 
are those working reverb(‘.ratory furmux^s. 

The hearth is invariably mad(^ of cast iron, a,nd in front of it is a cast- 
iron “ workplate," with a groove to carry oil the* r(*due(‘d h*ad into a k(‘.ttle. 
There is usually a partial front wall composcnl of a, thick bar of iron, but 
often the front is simply a dam formeul of aslu's aiul })()wd(*r(‘d galena which 
is impervious to melteei lead. '’Fhc sides and haedc must* always lx* of iron, 
in order to admit of chipping of! the half-fused masHes of slag which c.onstantly 
adhere to them; they may be (;ool(*d Himj[)ly by radiation from large and 

I 



50 


THE METALLURGY OF LEAD. 


heavy castings (Scotch, hearth.), by a current of air (Eossie hearth), by a water- 
box (American hearth), or by both air- and water-boxes combined (Moffet- 
Jnmbo hearth). These differences may conveniently be taken as representing 
four distinct modifications of the hearth process, though the manipulation is 
much the same in all. 

1. The Scotch Hearth.—This furnace was invented many centuries ago 
in the Leadhills (Scotland), where it is still in use, the principal improve¬ 
ments being the substitution of heavy castings for the flagstones and thin 
castings originally used to form the sides and back of the furnace, by which 
means the working of the furnace, formerly intermittent with periods of 
“ cooling off,’"' in order to protect the furnace &om destruction, can now 
be carried on continuously horn Monday till Saturday. The fuel employed 
was formerly peat, but coal is now almost exclusively used. 

Construction ,—The construction of an ore hearth will be understood from 
the following Figs. 16 to 20. Figs. 16 and 17* represent the ore hearth of 



Figs. 16 and 17.—Keld Head Ore Hearth. 

the Keld Head Co., Yorkshire, and Figs. 18 to 20t that in use at Leadhills, 
which may, perhaps, be regarded as the typical form of Scotch hearth. The 
lettering in both series of figures is the same to facilitate reference. The 
base is formed of a cast-iron “ hearth bottomor hearth box,’" a, cast in 
one piece ; its dimensions are, at Keld Head, 23 inches long, 21 inches wide, 
and 12 inches deep, the iron being 1^ inches thick in front and 2J inches at 
the back; at Leadhills the box is 22 inches long from front to back, 30 inches 
wide, and only 6 inches deep, the iron being 1 inch thick throughout. This 
hearth bottom forms the crucible of the furnace, and, when running, is always 
full of molten lead. The dimensions of the hearth in use at Weardale are 

* Percy, Metallurgy of Lead, p. 281. 
t Sexton, E, and M, Feb. 23, 1895. 
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intermediate, being length front to back 21 inches, width 27 inches, depth 

8 to 9 inches, capacity about | ton of molten lead. The hearth proper, in 
which the smelting takes place, is built upon it by means of heavy blocks 
of cast-iron, technically called stones/' In front of the heartli is the 
“ workstone," h, which may be cast in one piece with the hearth bottom, as 
at Keld Head, but is sometimes a separate casting, and is provided with Ui 
ledge and a gutter to convey the molten lead to the melting pot in front. 
At the back is a single tuyere, &, which is bedded in a mixture of mortar a.nd 
slag. The remaining pieces forming the hearth are as follows 

cc. Two ‘‘ bearers " or ‘‘ lower sidestones " resting on the hearth box and 
measuring, at Keld Head, 2 feet long by 7 inches square (at Lcadhills, 2 feet 

9 inches long X 6 inches square). 

dd. Four keystones 10 inches cube (Keld Head), or two xipper side- 
stones " 2 feet 6 inches long X 6 inches wide x 10 inches high (Lcadhills). 

e. ‘‘ Lower backstone " or ‘‘ pipestone," 2 feet 6 inches X 1 foot 2 inches 
X 3 inches thick at Keld Head ; and 2 feet long x 8 inches square at Lead- 
hills. 


Saction A.B. 



f'igH. 18 to 20.--“Scotch Uoartli aH used at LcadhillH. 

/. ‘‘Upper backstone," 2 feet 8 inches long x 5 inches'^wide x 2 inch(‘s 
deep at Keld Head ; 2 feet long x 8 iitches Bqxxar'e at Lcadhills. 

g, “ Forestone," which at Keld Head is a block fitting between the two 
keystones and at Lcadhills is absent. 

In the figures the lead pot, provided with small fireplace, is shown at i, 
that at Lcadhills having a transverse partition perforated at the bottom to 
allow scum, ashes, &c., to float on the surface of the lead in the larger division, 
while only clean lead flows under into the smaller division, from which it is 
ladled at intervals. The hearths at Keld Head are arranged under bric.k 
hoods as shown, j being a working door at the side through which fuel is 
charged, and h the connection with the main flue. At L(‘.adhills a sheet-iron 
hood, H, supported on an iron crossbar, and a brick baede wall, carries of! 
the fumes. 

At Weardale (Durham)* upon the hearth'^ bottom, 21 X 27 X 8 inches, 
* E. and M. J., July (5, 1905, p. H. 



52 


THK METALLURGY OE LEAD. 


are built two side stones, 27 to 28 indies long, 9 indies thick, and 15 inches 
high, cast hollow, and cooled by means of air which is caused to circulate 
through them. In place of the simple round or oval pipe tuyere (often 
2| inches high by 4 inches wide) of the Leadhills and other original Scotch 
hearths, which passes between the pipestone and the hearth, the Weardale 
tuyere enters the pipestone through a semi-circular opening on the back, 
which gradually widens out in its passage through the stone to a slit 12 inches 
long by 1 inch high, through which the blast emerges into the hearth, the slit 
itself being protected by a projecting ledge 1| inches wide immediately above 
it. The pipestone is cast hollow, and the water supply for the water-box, 
into which the red-hot slag is thrown by the smelters, passes through it in 
order to cool it. 

Mode of IForAw?//.—Each furnace requires two men on a shift, the shifts 
being formerly of eight hours, but now^ very commonly of six hours, or in 
some places even of four hours only; the tools used are paddles, shovels, 
and rakes; piles of ore, coal, and lime are arranged close in front of the 
hearth. After lighting a wood (ire in the sump, coal is added under a light 
blast, c.ontinually turned over, and the ashes removed till the hearth is full 
of glowing fuel. If the hearth was not left full of lead, pigs are melted down 
until there is a, sudicicnt bed below the fuel. A change of about 20 lbs. of 
})reviously damped ore is then scattered on th(‘. bed of fuel, where it soon 
commences to yield lead and to slag. The bed of fuel is then lifted and 
stirrcnl, the ha,lf-melted ma.sses cahed browse ’’ are drawn out on to the 
workstone and broken up with the ba.r, (‘ompletely slagged portions being 
thrown aside, while partially decomposed portions are returned together 
with more ore, and this process is continued until the hearth bec.omcs full of 
melted lead, upon which float the remaining fuel and half-dec,omposed resi¬ 
dues. Tlie hearth, being now in normal worldng order, receives new charges 
at intervals of about five minutes. Bach charge (“onsists of a shovelful of 
coal, whicli is sprinkled over the residues, and thrown chielly towards the 
back of the hearth near the tuyere, followed by from 20 to 30 lbs. of ore 
previously mixed with from 11 to 2 per cent, of lime, and thoroughly damped. 
After adding each charge the fire is left undisturbed for about tliree minutes, 
one of the furnacemen then inserts his bar into tlui lead and raises the crusts 
lying beneath the fuel, while his companion with a long-handled shoved 
draws them out upon the workstone. The half-fused masses arc broken 
up, slag is thrown into a, water box at one side, while the half-decomposed 
ore is n^.turned to the furnace with a little limc^ The tuyeure is cleaned out 
if nee.essary, a shovelful of coal added, and followed by another charge of or(‘,. 

The ores treated are pure galenas dreast^d by jig and huddle up to a mini¬ 
mum of about 77 per cent, lead; and the h^ad is very pure, Sfddom r(U|uiring 
to be poled before ladling, though this is sometimes done to improve th(^ 
(fuality. Each hearth treats 61 to 7 tons of ore p(u‘ 24 hours, yielding about 
4 tons (80 pigs) of lead, and the consumption of fuel is about 18 twts. to 1 ton 
of coal slack, or say 10 to 12 per cent, of the weight of ore treated. 

The grey slag produced is broken up and hand-picked to remove pieces 
of lead and of half-decomposed ore, but still retains many small shots of 
metal After separating these, a sample of Leadhills slag yiedded on an¬ 
alysis* PbS 5*63 per cent., PbSO.^ 10*36 per cent., PbO 34*88 peu’ cent, {eqmil 
* IL ami M. J., Feb. 23, 1895. 
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to total combined lead 34*8 per cent.), CaO 4*10 per cent., ZnO 0*95 per 
cent., Fe.jOg and ALOo 18*20 per cent., SiO^ 26*00 = 100*12. It is allowed 
to accumulate till a sufficient quantity is obtained for a campaign, and is 
then run tbrougli a slag beartb. Tbe fume, drawn off tbrougb tbe bood by 
means of tbe draught caused by a bigb chimney, is condensed—^usually in 
chambers filled with brushwood tbrougb which a spray of water is continu¬ 
ally falling. Tbe water is led into a system of tanks, where it deposits a 
fine grey sludge which is plastered on the work plate to dry, and is then 
mixed with the ore charge in small proportions. 

Examples and Cost of 'Working .—^At some works in the North of England 
the ore is all smelted raw, at other works treating apparently similar ores 
they are roasted for about two hours prior to treatment. According to 
Middleton* the following are the comparative results shown at two diJfferent 
works by treating 80 per cent, galenas in furnaces of the same dimensions 
with and without previous roasting respectively. 

TABLE VIIL —Cost op Smelting in Ore-Heartji. 



Ore, 

Haw. 

Ore, Roasted. 

Weight of ore smelted per 24 hours, 

7'.', tons. 

91 tons. 

Weight of lead produced per 24 hours. 

90 cwts. 

120 cwts. 

Direct yield of lead on ore, .... 

56% 

65 7o 

Proportion of lead sent into fume, . 

^7o 

6i% 

,, ,, ,, slag, 

15% 

Si % 

Costs per ton of lead produced :— 

lbs. 

.S. (1. 

lbs. 

s. d. 

Roasters’ wages, ..... 



_ 

2 6 

Coal for roasting,. 



m 

2 8 

Smelters’ wages, ..... 


8 5 


4 5 

Coal for smelting, ..... 

250 

1 7 

75 

0 

Peat and lime for ditto, .... 


0 2 


0 4 

Total cost,. 


10 2 


10 4-1^ 


At La Tortilla Works*}* (Linares, Spain) there are 24 plain Scotch hearths, 
18 of which are in two rows back to back. The hearths are not water-cooled, 
and the bottom of each is cast in one piece with the front plate. 

Each hearth is worked by five shifts of two men, each working four hours, 
so that the total working time of each hearth is 20 hours, with four hours 
free for weighing up, &c.; and on each shift the task is to smelt 1 metric ton 
of ore (to which is added 2 per cent, of slaked lime), besides cleaning off the 
slag from the tymp stone and digging out any half-fused masses from around 
the hearth. Besides 2 per cent, of slaked lime, 200 kilos, of fume is well 
mixed with each 1,000 kilos, ore, which facilitates the reactions and saves 
roasting. Bituminous coal is used for fuel, and the consumption is well 
under 7 per cent, by weight. Smelting is all done by piecework, the price 
being ptas 17*00 (say 12s. 2d.) per ton of lead produced, which is separately 
weighed in from each hearth every 24 hours. The direct yield in the hearth 

E. and J/. J., July 6, 1905, p. 11. f Prirate iVbiJe.s', 1907. 
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is 62 to 63 per cent, on the weight of ore; the production of fume is consider¬ 
able, but as this is returned continually to the operation, it is not taken into 
account, and the final volatilisation loss is only from 1 to 2 per cent, on the 
dry assay, say from 2| to 3-| per cent, on the true contents of the ore. 

2. The Air-cooled or Hossie Hearth.—In this form of hearth, first 
introduced at Eossie, N.Y., and afterwards in the Mississippi Valley and at 
Bieiberg, the back and sides were cooled by circulation of the blast through 
the hollow eastings of which they were formed. The capacity of this hearth 
was somewhat greater than that of the simple Scotch hearth, but the hot 
blast caused a greatly increased volatilisation loss, and on this account it 
has entirely dropped out of use. 

3. The Water-cooled Hearth.*—This is of American origin, and its 
construction is seen in Bigs. 21 and 22. The hearth box, a, filled with molten 
lead, upon which floats the charge of ore and charcoal, 5, is of cast iron set 
in brickwork, c, and its capacity is about 2,500 lbs. of leai The workstone, 
d, is a separate casting with a groove leading to the kettle, e. Above the 
hearth box is the water box or tuyere plate,/, of cast iron 1*| inches thick, 
which forms the back and sides of the hearth, and in which three tuyere 



Figs. 21 and 22. —Walcr-cooled Hearth. 


holes, < 7 , are cast. The water enters at h, and leaves at i. At the back is 
the wind box, j, into which the blast enters at Ic, passing into the furnace 
through three wrought-iron tuyere nozzles from 1 to li inches diameter 
inserted in the tuyere holes. The tuyere level is from 1 to 3 inclics^^ above 
the constant level of the molten lead. Above the hearth is placed a >sheet- 
iron hood (not shown) to carry ofi the fumes. Wood or charcoal may be 
used as fuel, but charcoal is more usually employed, and the capacity of each 
furnace is short tons ( = 4 tons English) per 24 hours. These hearths are 
in common use in Missouri for treating the pure non-argentiferous gakuia 
of that region, the average composition of which is PbS 97*05 per cent., 
ZnS 1*41 per cent., PeSo 0*34 per cent., insoluble 0*61 per cent., Ag 1|: ozs. 
per ton. It is not easy to see, however, in what way they are superior to 
the Scotch hearths built up of heavy castings cooled by radiation, except in 
being somewhat cooler for the men to work at. The capacity is no greater, 
and, on the other hand, the cost of replacement of the iron water-back (made 
in one piece) through cracking and wear and tear, is probably over a scries of 

* Broadhoad, Oeol, 8'urvey of Missouri, 187:L74, p. 492 ; Williams, Industrial Report, 
iJtld., 1877, p. 36; also Trans. A.l.M.B., vol. v., p. 324. 
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years not less than tliat of the heavy Scotch castings, which are reversible 
as they become burnt, and have four wearing faces. The scarcity and cost 
of water would also be in many cases a difficulty, and an objection. The 
total weight of the Scotch hearth is considerable, but the pieces composing 
it are with the exception of the hearth bottom, readily portable; and for 
transport in mountainous districts the latter might bo, if necessary, made of 
wrought-iron, reinforced at the front and back with replac-eahle c*ust-iron 
plates to resist burning. 

At the Federal Smelting Alton, Ills., there are 20 water-cooled 

Scotch hearths of the type just described, each of which has a sump 4 feet X 

2 feet X 1 foot deep, with cast-iron water jackets for back and sides having 
a water-space only 1 inch wide, and each, has eight pipe tuyeu’es, 1 inch din- 
meter, entering 2 inches above tlie surface of the batJi of lead. Choice is used 
as fuel, the consumption being 8 per cent, by w(ught, and each furnace is 
worked on eight-hour shifts by two men per shift who a,re paid by pit‘.(a‘work ; 
the quantity of lead produced from 80 per cent, ore*, being a.bout 10 short 
tons per 24 hours. Over each furnace is an iron hood, whic.h draws off thc^ 
fumes and delivers them through, a collecting pipe to a dust-llue .1,500 Coch¬ 
in length and 10 feet X 10 feet in cross-section. A fa.n at the caul of this 
having a capacity of 100,000 cubic feet per minut(‘. force's tlu'. fumes ini.o 
the bag-house, which contains 1,500 bags of cotton cloi.h, 25 h'ct long by 
18 inches diameter, in which the fume is e.ollccded. Tlu^ Uvdd from tlu'. hearths 
is run into 35-ton kettles, a,nd r(4ined by passing sb'um. through from 30 
minutes to one hour, after whi(‘ii it is (aist into bars, whieli tairry from 0*05 
to 0*1 per cent, copper and traces of ccffialt and niclcci. 'I'lui dirtad yi(4d of 
lead in the hearth from 80 per cent, ore is said to be 70 p(‘.r tuuit, whieh doubt 
less means that proportion of tlu^ total pr(‘H(mt, or a, n'c.ovc'ry of 50 pea* ctent. 
on the weight of ore. 

At the Petraeus Co/s Worksj* four single so-called Jumho ’’ liearths arc 
in use, each of which, worked by two snu'ltc'rs, one moulchu-, a,nd a yardman, 
smelts in a seven-hour shift 7,000 lbs. of 77 to 82 p(*,r e('nt. galcma or<^ with 1 
bushel of coal and 1 bushel of linu', th(‘. dina-d n^eoveuy in pig haul lu'ing over 
60 per cent. Tlie lead is mouldc'd into pigs, and tlam n'-rnelted in a tH'iining 
kettle of 7,000 lbs. capacity, in which it is purilical by poling, and them again 
moulded for market. 

4. The Jumbo or MoJOTot Hearth, j 'Tlu'. double, form of this luairih, 
designed by MolTet, is in ub(‘. at tlie works of tlu'. Pielu'.r !j(aul (bmpaiiy at 
Joplin, Mo., and its consirue.tion is shown in Kigs. 23 i.o 20. Tlu^ hearth 
box is not set in brickwork, but eonsisis of a, simph^ iron trough 1 hud- long, 

3 feet 6 inches wide, and 10 inelu's de(‘p, divi<le(l long;ii.u<liiiaIIy by a hollow 

partition, and supported 20 inclu's abov(‘. ilu'. (loor by nu'arm of four short 
cast-iron pillars, so as to e.ool tlu^ lead by tlu' <dnmIaiion of air umierru'ath. 
Upon each long side of tlu'. trough sl-ands a, water box f) imdu's wid(* and 

20 inches high, while on ea^cJj (UhI is plae.('d a,n air box 4 hu'.t 4 inclK'.s long, 

6 inches wide, and 20 inches high, Tlu' hollow ])artition in i/lu'. is also 

carried up 20 inches high by means of a pair of long hollow boxes, eacJi 4 fec't 
by 7 inches wide by 10 inches high. Th(‘, upper* (me is i4u‘ air box, and is 

* k\ and M. J., 2, 1906, p. 1034. 

f M, and M, Nov. 9, 1907, p. 867. 

Dewey, Tram, vol. xviii., p, 674. 
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partitioned longitudinally, each half being connected with the air box forming 
one end of the hearth through which the blast passes before entering the 
central ak box. From each half of the latter seven copper tuyeres, each of 
1 inch inside diameter, descend through the water box and deliver the blast 
at the level of the top of the hearth trough. The furnace thus consists of 
two long hearths placed back to back, water-cooled in their hottest part, and 
air-cooled above, provided with a hot blast so as to volatilise a large propor¬ 
tion of the lead, and delivering their fumes into a common sheet-iron hood 
5 feet by feet by 11 feet high, which is connected with flues and dust 
chambers. Through these a strong current of air is drawn by means of a 
fan, which also forces the furnace gases first through sheet-iron cooling pipes 





Transverse section showing Tuyeres 


Figs. 23 to 26.—The Jumbo, Double, or Moffet Hearth. 

and then through a series of woollen bags, in which practically the whole 
of the fume is deposited as a fine blue powder. The arrangement of the bag 
and of the bag house is similar to that of the paint room for refined fume 
subsequently figured and described. 

Along the front of each furnace is an iron apron or workplate, and the 
lead overflows from one corner of the hearth into a casting-pot (not shown 
in the figures), set in a cylinder 31 inches diameter and 44 inches deep, and 
kept hot by a small fire of wood. The molten lead is drawn ofi by a pipe 
and stopcock into a row of moulds placed on a truck below, the pigs of lead 
weighing 84 lbs. each. The fuel is inferior bituminous coal, the consumption 
being 8 per cent, of the ore, and the quicklime used is about 2 per cent, of 
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the ore. Each fire is worked by two men on each eight hours" shift, so that 
there are twelve smelters required for the whole furnace in 24 hours. The 
daily capacity depends chiefiy upon the endurance of the men, and varies 
from 24 short tons (of 2,000 lbs.) in summer to 30 short tons in winter. About 
68 per cent, of the lead present is converted at once to metal, 22 per cent, 
going into the slag, and, owing to the hot blast, no less than 10 per cent, is 
converted into fume; the loss in condensing this fume by the bag process 
employed is practically nil. 

The furnace is worked as follows'*^:—After throwing on a charge the fire 
remains undisturbed for one to one and a-half minutes, during which time 
lead is reduced and the mass becomes crusted over on top. One of the two 
smelters then plunges a pointed bar into the melted lead at one end of the 
fire, and using the edge of the trough as a fulcrum prises up the mass, raising- 
up cakes of slag and letting down undecomposed ore and fuel. In this way 
he works right to the other end of the fire, while the second man, following 
with a long-handled shovel, picks out the lumps of glowing fuming slag, 
which are first laid on the workplate to drain, and then tossed into a water 
box to cool. When the fire has been worked through by the first smelter 
with a pointed bar he takes the shovel, while the second man works through 
the fire again with a broad paddle. They then both use shovels to pick out 
as much slag as can be seen, after which they scatter over the fire a new 
charge, consisting of two shovelfuls of coal and five or six shovelfuls of ore 
previously mixed with about 2 per cent, of lime. The operation of working 
and charging takes about two minutes, and the interval of rest between 
each operation is about one and a-half minutes. During this interval the 
tools are left resting on the workplate with their handles in swing hooks, 
while the ore oxidises and is reduced to metal. As already mentioned, 
68 per cent, of the lead present is obtained directly in pigs, and as the ores 
contain usually about 73 per cent., this amounts to about one-half the weight 
of ore treated. Most of the zinc in the mineral goes into the slag, together 
with 22 per cent, of the lead. 

It is obvious that the working of the Moffet hearth is cheaper than that 
of any other form of hearth; but unless it is intended to make pigment (which 
can only be successful under exceptional circumstances, the market being 
limited) the ordinary hearth is more advantageous, as it treats in proportion 
to its size almost as much ore, and yields a larger proportion of lead as pigs. 

Comparison between Iteverberatory and Heartb Methods. - 
The advantages of hearths over reverb oratories are :—(I) Smaller consump¬ 
tion of fuel for given capacity ; (2) less first cost and greater facility for 
repairs; and (3) convenience which they ofier for interrupted work and 
short campaigns. Their disadvantages are :—(I) Necessity of machinery for 
producing a blast; (2) larger amount of labour required and its compara¬ 
tively skilled nature; (3) greater liability of the men to lead poisoning; 
and (4) much higher volatilisation losses. It will be obvious that the hearth 
process is most suitable in out-of-the-way places, where labour is cheap and 
fuel dear, especially if water power can be obtained for the blast, and where 
the [supply of ores is irregular; it is only under exceptional circumstances 
to be recommended in localities of cheap fuel, dear labour, and regular ore 
supply. Galenas rich in silver should never be treated by the hearth process, 

* Dewey, loc. cit,, p. 682. 
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as tlie losses by volatilisation are so liigh ; at Bleiberg (Carinthia) tke average 
loss of lead was found to be 2 per cent, higher than in the Carinthian furnace. 

Treatment of Bye-Produets.—The bye-products of hearth smelting 
diiSer in no marked degree from those of the reverberatory ; they are two— 
namely, grey slag and fume. The former, like the reverberatory slag, con¬ 
tains a large proportion of metallic lead mechanically intermingled with the 
mass of silicates, sulphates, oxides, and unaltered sulphides forming the true 
slag. Grey slag is now always smelted in slag cupolas. Fume was formerly 
smelted by itself in the ore hearth after thorough wetting down (and some¬ 
times after previous roasting). More lime is generally used than in ore- 
smelting, and fluorspar, if obtained conveniently, is also frequently added. 
The consumption of coal and of labour are both greater, and the cost is con¬ 
sequently higher. According to Middleton,an ore hearth which brings 
out tons of lead per 24 hours with three eight-hour shifts of two men each, 
brings out only tons of lead in the same number of one-man shifts when 
smelting fume. The manipulation is similar to that when smelting ore, 
except that the mixture of fume with lime is kept very damp, and is banked 
up chiefly in the front of the fire to prevent it from being carried away by 
the blast. The same author gives the cost of smelting fume per ton of lead 
obtained as follows :—Smelters" wages, 11s. lOd.; coal (1,400 lbs.), 8s. 9d. 

More frequently, however, slag and fume are smelted together in a low 
blast furnace provided with a firebrick lining, brasque bottom, and external 
iron crucible or kettle, and blown by means of one or two tuyeres at the 
back. The products are an impure lead, “ slag lead,"" which is hard even 
after poling, a very dark black slag,"" which is thrown away, and a good 
deal of fume, most of which is generally lost. The old English slag hearth 
is well described by Percy ;t but as this appliance has been mostly replaced 
by more modern cupolas and blast furnaces similar to those employed in 
smelting low grade lead ores {v. Chap, viii.) it is unnecessary to enter into 
details here. 

At La Tortilla Works (Linares J) the grey slag from 24 of the Scotch 
hearths, a description of which has been already given, is smelted in two 
slag furnaces like those described in Chapter viii., the working column being 
2 metres high, a ferruginous calcite found as lode-filling in the mines being 
used as flux. Each slag furnace puts through 35 tons of charge per day 
with a fuel consumption of only 7 per cent. The composition of the black 
slag made has been already given in Table VII. 

At the Petraeus Works (Joplin) § grey slag and fume from ore hearths 
are smelted in a blast furnace with metallic iron and fluxes, the following 
being the quantities of charge smelted per 24 hours :—Galena with 77 to 
82 per cent, of lead 4,500 lbs., grey slag with 35 per cent, lead 6,000 lbs., 
blue fume with 72-75 per cent, lead 7,500 lbs., carbonates "" with 72 per 
cent, lead 500 lbs., ashes"" or coarse flue-dust with 56 per cent, lead 1,500 
lbs., foul black slag with 0*7 per cent, lead 15,000 lbs., cast-iron scrap 600 lbs., 
wrought-iron scrap 600 lbs., iron cinder 300 lbs., and tin cans 300 lbs. This 
quantity of material is smelted in eight hours, and the average product in 
pig lead is 11,810 lbs., or 25*7 per cent, by weight on the whole charge. The 
composition of the slag produced is given in Table IX. The labour required 

E. and M. July 6, 1905, p. 11. t Metallurgy of Lead, pp. 413-417. 

X Private Notes, 1907. g E. and M. J., Nov. 9, 1907, p. S67. 
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per eiglLt-hour shift is one feeder at 10s. 6d., one tapper at 8s. lOd., and four 
yardmen at 8s. The blue fume from the blast furnace, like that from the 
ore hearths, is drawn through a bag house and there collected. 

At the Federal Smelting Worlcs (Alton, Ills.)* the grey slag and fume 
from the ore hearths (the latter of which is always previously burned in order 
to sinter it and convert it into lead sulphate) are smelted together with 
roasted matte from a previous campaign in a 12-tuyere cupola provided with 
a lead well at the back; slag and matte are tapped together at the front, 
and run through a series of slag pots for separation, the shells being saved 
for re-smelting, while the waste slag contains only about 0*5 per cent. lead. 
The slag-lead from this furnace, being impure, is refined by liquation in" a 
small reverberatory furnace with an inclined hearth of perforated plates, 
through which the lead runs, while the dross remaining on the plates is 
returned to the blast furnace. The liquated lead runs to the refining kettle, 
where it is steamed"" for about on hour, and after skimming is then cast 
into bars with a Steitz syphon (for which see Chap. viii.). The matte is 
crushed and roasted in a 60-foot reverberatory furnace. 

The Lewis and Bartlett Bag Process. 

This process, which is in use at the Lone Elm Works of the Picher Sub¬ 
limed Lead Company, and also at those of the Bristol Sublimed Lead Com¬ 
pany, is peculiar in its aim to produce as much fume as possible; by the 
use of special fume filtering apparatus, and by taking special precautions 
in the smelting, more than one-half of the lead contained in the grey slag 
and flue dust from the ore hearths is worked up into a fine white pigment. 
The fine flue dust and fume blue powder"" from the ore hearths, owing 
partly to the carbonaceous and bituminous matter and partly to the finely- 
divided metallic sulphides contained in them, burn readily when piled in 
heaps on the ground and ignited by means of oiled waste, and after a 
few hours" smouldering are converted into a mass of pinkish-white crusts. 
Analyses of raw and roasted blue powder,"" as well as of flue dust from 
the first dust chamber and of grey slag from the Mofiet hearth, are given in 
Table IX. The grey slag contains 21*45 per cent, of metallic lead which 
stays on a 60-mesh sieve, and the remaining portion, according to the analysis 
given in the Table, contains 47*45 per cent, of lead in combination, making 
a total of 58*71 per cent, in all. 

The modified slag hearth or '' slag-eye furnace,"" in which the grey slags 
and blue powder are worked up together, is 2 feet square by 6 feet high 
altogether, the distance from lower tuyeres to the charging door being only 
2 feet 3 inches, and the charging door 4 feet from the ground. Its construc¬ 
tion will be understood by reference to Figs. 27 and 28.f Blast is supplied 
by means of eleven IJ-inch tuyeres passing through water-boxes; four^ of 
them are at the bottom for fusion and reduction, the remaining seven being 
only a few incbes below the charging door, in order to secure as much vol- 
atihsation as possible. The furnace is kept filled to the charging door with 
a bed of glowing coke,^upon whichTthe charges are spread. All the bye- 

^ E. and M. June 2, 1906, p. 1034. 

t Dewey, Trans. A.LM.E., vol. xviii., pp. 683 and 689 ; more recently this furnace 
has been improved by replacing its brick walls with water-jackets. 
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Fig, 28.—Section through Upper ^rnyer(‘. 
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products of tlie ore hearth are treated in this furnace together with a small 
amount of oxidised ore. An average daily charge for one furnace is made 
up as follows :—Grey slag, 2,800 lbs. ; “ blue powder,'' 1,000 lbs. ; “ dry 
bone " (oxidised lead and zinc ores), 600 lbs.; half-refined blue powder from 
cooling pipes, 450 lbs. 

The object being to volatilise lead rather than to reduce it, the top of the 
furnace is run so as to keep the flue nearly red hot. It is found that a hot 
flue is necessary for the production of a good white colour in the pigment, 
and with the same object only hard Connellsville coal is used as fuel. The 
waste heat in the furnace gases 


is made use of in order to heat 
the blast, which also assists in 
volatilising lead. In spite of all 
endeavours a considerable pro¬ 
portion of lead is, however, re¬ 
duced, and this, together with 
the poor “ black" slag formed, 
finds its way through a hole in a 
tap-plate " at the bottom into 
an iron “ lead basin " with two 
unequal compartments, the larger 
being filled with charcoal. The 
slag flows over the charcoal into 
the ‘‘ slag basin " placed below, 




Section of cooling cylinders. 


Fume cooling pipes and cylinders. 


Figs, 29 to 31.—Lewis & Bartlett Process—Coolers. 


through which a stream of water flows, while the lead filtering through the 
charcoal passes under the partition into the smaller compartment, whence 
it is ladled into moulds. This lead is of very inferior quality, and has to 
be remelted and poled to fit it for sale; about 13 pigs, or 1,100 lbs., are 
produced on an average daily. The slag is nearly black, and, though still 
carrying a fair percentage of lead, is thrown away, except a small proportion 
which is thrown into the furnace against badly corroded places in the walls 
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as a partial protection.* Dewey gives an analysis showing 23 per cent, of 
PbO in this slag, hut at a later date it was reported to contain under 10 
per cent.f 

The furnace is started by lighting a fire on the bottom and filling the 
shaft with charcoal free from breeze, after which a light blast is started; 
when the charcoal is glowing, a thick bed of coke is charged and the full 
pressure of blast (9 ozs.) turned on. As soon as this is thoroughly ignited 
on top the ordinary charge is given, each charge consisting first of a bed of 
coke, distributed chiefly towards the front and centre of the shaft, then of 
slag which is heaped against the back and sides so as to protect them some¬ 



what, and, lastly, the blue powder. Two men attend the furnace on each 
eight-hour shift, one to feed, and one to ladle lead and wheel slag. 

A Baker blower (No. 5) supplies air through an 18-inch main to three 
of these ‘‘ slag-eye '' furnaces, two of which are run together, the third being 
in reserve. From the flue a fan (6 feet diameter and 3 feet face), run at 
290 revolutions per minute, draws the fumes and gases, first, through a pair 
of iron cylinders 7 feet diameter and 20 feet high, lined with firebrick, through 
wMch the 18-inch blast main, temporarily enlarged to 3 feet, passes in order 

* V. Note on previous page as to use of water-jackets, 
t j&. and M. /., Dec. 8, 1894. 
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to heat the blast, and, secondly, through a series of four inverted U-pipes, 
feet diameter and 20 feet high, set in brickwork and exposed to the air. 
These cooling arrangements arc shown in plan and elevation in Figs. 29, 30, 
and 31. Some fume settles out in the pipes, but it is of poor colour, and is, 
therefore, returned to the furnace. After passing through the cooling pipes 
the fumes enter the white bag room, or paint house,^"' which is 90 feet by 
40 feet by 45 feet high in two storeys with a boarded floor, the arrangement 
of which may be seen from Fig. 32. There arc three rows of hoppers, nine 
in each row, and above each hopper arc suspended twenty bags of coarse 
flannel made from unscoured wool, 20 inches in diameter and 35 feet long, 
costing $9 apiece, and tied over nipples projecting from the top of the hopper. 
The bags are suspended from the rafters, the hoppers and flues are also sus¬ 
pended by means of iron straps from a skeleton flooring of ll-inch pipe laid 
2 feet apart across a framework of 21 -inch pipe, which is itself supported by 
eighteen columns of 3i-inch pipe. Each bag has 1 G 8 square feet surface, 
so that the filtering surface of the whole 540 bags is 88,704 square feet. 

The paint from different parts of the room is of about the same quality, 
and has good body and colour. It is packed in barrels holding 500 lbs. each, 
and sells at a slightly higher price per lb. than pig lead, 1 lb. of which makes 
1*6 lbs. of paint. The daily product of each furnace is about 4,250 lbs. 

Analyses of the white paint as well as of the various intermediate pro¬ 
ducts of the process are given in the following table :— 

TABLE IX.-^ 



(hv.y 

ShiK. 

(!h;unlH*r 
Dust. 

Fine 

Dust. 

Blue V 

Raw. 

owder. 
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Black 

Slaj?.+ 

SiOa, . 

PeSs, . 

12-70 

2*7(> 

2*54 

0*12 

0*10 

0*08 
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ZnS, 

3-04 
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PbS, 

14*73 
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10*41 
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5*18 

22*74 

61 *39 

45*08 

48*76 
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PbO, 

33*55 

3*79 

11 -47 

44*55 

46*82 

25-87 

*4-0 

ZnO, 

14'53 

0*35 

0*42 

0-42 

0-27 

5*98 

8-5 

MnO, 







FeO, 







33-5 

Fe203, 

2'V)() 

(H)3 

0*97 

] 0*071 

0*32 

o-os 


AI 2 O 3 , 

0*78 

' O-Ob 

0-05 

0*05 



CaO, 

11 •49 

5*40 

5*24 

0*07 ^ 

0*48 

0-02 

22*0 

MgO, 

0*12 

0*03 

()*03 





CO 2 , 


3*83 

1 *35 

0*19 

0*90 

1-77 


SO 2 , 

H 2 O, . 

!!! 

0-80 


0‘55 

1 *65 

0*02 






0*37 

0*72 


Org. matter yielding: 
CO 2 , . . . 


14*41 

7-38 

1 *93 




H 2 O, . 


3-38 

3*53 

3*18 









99*72 

99-70 

... 


The bag process for the collection of fume has now come into pretty 
* Bkom Dewey, loc. cit, tHofman, MeL of Lmd^ 190G, p. 130. 
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general use tKrongiiout the soft lead regions of Western America, although 
in consequence of the small demand for white fume prepared by the Bartlett 
process nearly all the fume collected has to be re-smelted. 

At the Petraeus Co.^s Works* the bag-house is 100 feet X 68 feet, and 
contains 680 bags, each 30 feet long x 2 feet diameter, made of cotton cloth 
with 44 threads to the inch. The fomes from four single Jumbo hearths 
and a blast furnace are forced through these bags by a 90-inch Bufialo fan, 
after passing through a ‘‘ trail ” flue 6 feet X 4 feet in the clear and 800 feet 
long. 

* E. ami M. ISTov. 9, 1907, p. 867. 
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CHAPTER V. 

ROASTING LEAD AND SILVER ORES AND MATTES. 

The Roast-Reduction Process.— The roast and reduction process is 
adapted to the treatment of ores with any kind of metallic and non-metalli(‘- 
admixture; siliceous ores, and those containing arsenic and antimony being 
always treated in this way. It comprises the separate operations of roastimj 
and smelting. 

Nearly all works employing the roast-reduction process have to treat, in 
addition to lead ores proper, other ores which contain a greater value in the 
precious metals than in lead, and in some cases contain no lead at all. As 
the treatment of such ores has to be undertaken in connection with that of 
lead ores properly so-called, and since in practice it is generally found con¬ 
venient to mix leady ores and mattes with non-leady sulphide ores before 
roasting, in order to facilitate the operation by diminishing the tendency to 
sinter, it is necessary to consider the roasting of lead ores as including also 
the roasting of all ores and mattes which have to undergo an oxidising opera¬ 
tion preparatory to smelting in a lead furnace. 

The object of roasting is to drive off as much as possible of the sulphur 
(as well as arsenic and antimony, when present), and convert the lead as far 
as possible into oxide. Some lead sulphate is always formed, but the amount 
of this substance is kept as low as possibhi, since, unless it should happen 
to come in contact with and react upon unaltered sulphide, it might be 
itself reduced to sulphide. In many cases towards the end of the operation, 
the temperature is raised in order that the silica may react upon the sul¬ 
phate, forming silicate, and at the same time partially fusing the material 
so as better to fit it for smelting. 

In the ordinary smelting process conducted in blast furnacjcs the lead is 
reduced from its oxide partly by means of carbonic oxide, but (diiefly by 
direct contact with masses of glowing, porous fuel (coke or charcoal). Su(*h 
lead sulphide as may remain in the roasted ore or bcjconu^ reduced from the 
sulphate is also decomposed by the action of iron redu(‘-ed from its oxide, 
the lead being liberated while the sulphur forms an iron matte. Other metallic 
constituents of the ore, except gold and silver, whM\ are csollected in the lead, 
pass either into the slag or the matte, or be(^ome volatilised. 

Reactions of the Roasting Process.*--As we have seen, therefore, 
lead ores, which have to be roasted preparatory to smelting, are, more or less 
finely pulverised mixtures containing, besides galena, varying proportions of 
blende, pyrites, chalcopyrite, quartz, and other gangue materials. Table X. 
gives analyses of a few of the complex lead sulphide ore^-s whic.h are subjected 
:o roasting processes. 

Boberts-Aiisten, Pros. Address, British Assoo* Meeting at Cardiif, 1891; also 
^ose, Metallurgy of Gold. 
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TABLE X. —Analyses of Complex Lead Sulphide Orbs. 



Przibram, 

Bohemia. 

Rodna, 

Transylvania. 

Goslar, 
Lower Harz. 

Clausfchal, 
Upper Harz. 

Mechernich, 

Rhenish, 

Prussia. 

Col. Sellers, 
Leadville, 
Colorado. 

W 

Sunny Corner, 

N.S.W. 

Reference, 

1 . 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

PbS, . 

45*09 

54*57 

10 

74*09 

69*74 

18*67 

28*90 

16*30 

ZnS, . 

8-73 

0*99 

36 

7*46 

0*22 

28*73 

37*20 

22*00 

CuFeS,, 

0*12 

tr. 

1*5 

1*15 

0*51 

tr. 

tr. 

4 '50 

FeSs, . . . 

4*65 

42*62 

24 

0*60 

1*39 

49*29 

0*50 

37*30 

SbaSs, . 

107 

0*02 


0*80 

0*11 




AgsS, . 

0*313 

0-067 


0*10 

0*017 


()*()91 


MnS, . 






2**61 



SnOo, . 

0*14 








FeCOs, . 

13*77 



2*27 





MnCOa, 

1*61 

tr. 

... 

0-48 





CaCOa, . 

1*75 

tr. 


1*71 

1*57 




MgCOs, . . 

0*57 



0-35 





BaS 04 , . 



26 






CaS04, . 




1**92 





SiOg, . 

20**05 

0’*’49 

1 C.K 

/8*57 

22**65 

0’**9C 

32*(io* 

16***50 

AI 2 O 3 , . 

1*63 


h bo 

\1*32 

3*60 




As, 


0*34 




tr. 


0**3() 

Ag. ozs. per ton, . 

89*3 

19*3 


28*5 

34 

74 

21 

12 


Notes.—1, 4, 5 are mixtures of ore and concentrates ; 6 and 7 are natural ores 
which have to be concentrated before roasting ; 8 was formerly roasted and snielted 
without concentration. 

References —1. B. and M. J., July, 16, 1892. 2. Hof man, Metallimjy of Lead, 

p. 167. 3. Schnabel, Handhuch der Metallhuttenhunde, vol. 1., p. 389. 4. E. (vnd M. J., 

Oct. 21, 1883. 5. Schnabel, op. cit., p. 393. 6. Taylor and Brunton, E. and M. */., 

May 8, 1886. 7 and 8. Author. 

The reactions which take place in roasting such mixtures are as follows 

The first action, as the temperature of the charge rises, is the distillation 
of about one-third of the sulphur in the pyrites, which burns with a blue 
fl.ame to SO^, part of which again in contact with oxygen and with the hot 
porous charge and furnace brickwork is converted into SO;^. The n(LXt ac^tion 
is the successive oxidation of the metallic sulphides by the cnirrent of hot 
air, approximately in the following order, Fe.S^, CuFeSo. AgoR, (Ju,S, PbS, 
ZnS. ^ Of these, silver sulphide is soon reduced to metal, and would rtmiain 
so if it occurred alone, but the presence of much base metal sulphidt^.s and 
excesses of free SO 3 enables it to be converted into sulphate ; iron and copper 
sulphides are converted, with free access of air, almost entirely into oxides; 
lead and zinc sulphides partly to sulphates, but chiefly into oxid(‘B, fr(u^. SO.’ 
in the vapours, however, reconverting varying proportions of the oxidc^s of 
all these last four metals into their respective sulphates. 

* This is not silica, but a mixture of silicates, including rhodonite, ganH*t felstJar 
Ac., as well as quartz. > i j 
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This process of oxidation is not continuous, except in a strong draught, 
for as soon as the sulphurous acid reaches a certain tension chemical equi- 
librium is established and oxidation is arrested, even in presence of an excess 
of oxygen, unless the temperature be raised considerably, so as to destroy 
equilibrium. 

Besides a temperature which should be easily controlled, efficient oxidising 
roasting, therefore, requires abundant access of air to the hot ore and ra,pid 
removal of the products of combustion. If the temperature be kept moder¬ 
ately high and the draught and supply of air low, most of the lead and zinc 
will be converted into sulphates, partly by direct action of SOo and 0, partly 
by the SO3 evolved from decomposing iron sulphates. The tempera,ture 
must, in any case, be well under control, for, if ra,ised too suddenly, portions 
of the ore will undergo incipient fusion, and particles of unaltered sulphides 
be protected by an envelope impervious to the further a,ction of the gases. 

As the temperature rises, and before the oxidation of the sulphides is 
complete, the sulphates formed begin to dissociate in the following order :— 
Fe.2(S04);3 BeSO^, CuSO.j, AgqSO.^, ZnSO.,. Iron a,nd copper sulphates give 
ofi^ at first, SO.j, and, afterwards, SOo and 0 ; diver sulphate remains un¬ 
decomposed until all the iron and nearly a,11 the c,op])er sulphates have been 
decomposed, when it in turn breaks up into metidlic silver, oxygen, and 
SO3; dne sulphate is nearly unchanged in simple roasting, giving oil only 
part of its SO3 at a full red hea,t, the basic sulphate remaining not being 
decomposable under a bright yellow heat. Lead sulphate is uiudtered 

Among gangue substances quartz and bari/les rema,in unaltered, chalifhile 
is converted into magnetic oxide of iron, Fe-jO.,, a,nd calcite into (;a,l(jium sul¬ 
phate by expulsion of COo and absorption of 0 and BOo. 

As regards removal of tlic deleterious substanc,es, arsenic and antwamy^ 
it may be remarked that mispickel (FeBAs) is pretty tlioroughly d(H*om- 
posed, the greater part of its arsenics being v()la,tilis(‘,d direct as As.jB.j, which 
is oxidised into As.^O.^ and SO^ by the (uirrent of hot ga,ses, the remainder 
being oxidised direct to As^O.v at a low temperature in pi’escmc.e of a good 
draught. 

Most sulph-antimonides and sulph-arsenides (e.y,, fahhu'z, bournonitc', 
<fec.), like mispickel, give up the greater part of their arscmic, (a,ntimony) as 
AsoS3(Sb^S;j), which are at once oxidised to As..0.;(Bbo()3) and BO^. Anotlu^r 
portion of the arsenic (or antimony) is c.onvcrtcd into ars(mia,t(iB (or a,nti- 
moniates), which resist the elTccts of simple heating. These c.ompounds ar(‘, 
however, reduced in contact with metaflic aulphidt‘.s, esp(Mna,lly with fre(‘. 
pyrites, and, therefore, when the cluirge is rabbled the arsemiate (or anti- 
moniate) formed in the oxidiscal surface crust gets turn(‘d over ini,o the 
bottom layer of the ore, where tlnua^ is more or i(‘ss free sulphur, a-nd is 
re-volatilised to the surface as As3B3(BboB3), so that it gets anotluu- cha-nce 
of escape. Enargite, however, is only partially de(*,ompo8ed, most of the 
arsenic remaining behind as a,rsenia,te. it is noteworthy that, whiu’c^as th(‘. 
ferric arseniate produced in small (jiiantity by the oxidatioii of riiispickel is 
comparatively easily decorn])os(Hl by means of h(‘.a,t and reducing agents 
(carbon or sulphur), cupric arseniate fornual by partial oxidation of <‘nargite 
is most obstinate in resisting decomposition; in fa,ct, ac.cording to ihairc.e,*^ 

* Traiw. vul. xviii., p. 02. 
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scarcely any of tlie arsenic of enargite can be driven o:ff by roasting, even 
when assisted by the subsequent rabbling in of fine coal. 

Simple arsenides and antimonides {e.g., smaltite, domeykite, dyscrasite) 
are much more difficult to decompose, by far the larger part of their arsenic 
remaining as stable arseniates and antimoniates of the metals present (iron, 
copper, and silver). According to Howe and Campbell,* only 15 per cent, 
of the arsenic present is expelled below 700° C., and an additional 24 per 
cent, below 890°, above which point the further expulsion of arsenic is very 
slow, even if charcoal be added to decompose the basic arseniates formed. 
Such minerals, therefore, like the sulfh-arsenides, should, whenever possible, 
be roasted together with an excess of sulphides, such as pyrites; use is also 
made of this reaction of sulphur upon combined arsenic in the treatment of 
arsenical furnace products. 

That a large part of the antimony, as well as arsenic, which is expelled 
from antimonial and arsenical ores during roasting escapes as sulphide is 
proved by the fact, noted by Wendt,f that in kiln roasting lump ore, crystals 
of artificial stibnite, as well as of orpiment, were found in the fines and on 
the upper and cooler portions of the charge. The occurrence of orpiment and 
realgar on the upper surface of roast heaps is a matter of every day observation. 

The temperature reached in ordinary roasting for the elimination of 
sulphur without sintering are only from 900° to 1,000° C.J 

Sinter- and Slag-Roasting.—When at the end of the roasting proper 
the temperature is suddenly raised so as to agglomerate or fuse the charge, 
the lead sulphate formed during roasting is decomposed by means of silica 
(either already present in the ore or added, if necessary, in the form of more 
siliceous ores); for, although lead sulphate is practically unaltered at the 
temperature reached in the furnace, free silica drives out the sulphuric acid 
in accordance with the equation— 

PbS 04 + SiOg = PbO . SiOs + SO 3 . 

Even when the temperature does not rise high enough to decompose lead 
sulphate, there is more or less combination between silica and lead oxide, 
so that the mass begins to soften and agglomerate without actual fusion. 
At the temperature of fusion calcium and barium sulphates in the roasted 
ore are also partially converted into silicates, or in the case of lime to ferrites, 
and if silica be present in sufficient quantity the iron oxides are also con¬ 
verted into silicates to a greater or less extent, according to the perfection 
of the fusion. Zinc is to a small extent volatilised, but is mostly melted 
down, with the oxides of iron and lead, into a readily fusible double silicate. 

The final result of the combined roasting and melting process is a fluid 
or pasty mixture of oxides and silicates, never quite free from sulphides, 
which is tapped out into iron moulds, and, after being broken up, forms a 
material better suited to blast-furnace treatment than the fine powder 
resulting from plain roasting. 

Trans. vol. xxxviii., p. 170. ^'Ihid., vol. xix., p. 100. 

X The composition of a number of samples of roasted sulphide lead ores is given in 
Table xv., Chap. vii. As regards the condition of the residual sulphur which has not 
been oxidised to sulphate of lead, zinc, lime, &c., reference should be made to two 
interesting articles in the Engineering and Mining Journal of April 13, 1907, p. 707, 
and Feb. 9, 1905, p. 285, in the latter of which some evidence is adduced to show that 
even well roasted ore may contain S still in the condition of FeS 2 . 
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When the ores to be fused contain less than 10 or 15 per cent, lead, the 
charges have to be roughly calculated, so as to contain silica and iron in suit- 
bble proportions to form a fusible slag. This is readily done, as almost every 
aro'e smelting works treating custom ores will have both pyritic and quartzose 
)res at command. Lime is rarely added to a charge in the fusion hearth, as 
efficiently good slags can always be made with iron alone and whatever 
ead or zinc may be present. The composition of slag-roasted ore as ordi- 
larily made is as follows :—SiOo 20 to 35 per cent., Fe 20 to 25 per cent., 
2 n 5 to 15 per cent., Pb 10 to 20 per cent., S as sulphide about 2 per cent., 
Dut sometimes the lead is higher. 

The difierence in the condition of a blast furnace resulting from the use 
3 f slagged or sintered sulphide ores, instead of the plain roasted fines, is 
remarkable. Much greater regularity in working is accompanied by mu(‘h 
more rapid smelting, and by a smaller coke consumption, while the losses 
in slags and flue dust are much diminished, and the percentage of sulphur 
being much less, the amount of matte produced is smaller. In view of these 
advantages, “ slagging "" or fusion would be widely adopted in place oi simple 
roasting (in spite of its greater cost both for fuel and labour), but for the 
heavy volatilisation losses involved. According to Newhousc,'^ the average 
loss in plain roasting silver-bearing lead ores containing 12 to 18 per cMuit. 
lead is from 2 to 5 per cent, of the lead and hardly any of the silver, while 
in fusing down the same ore the loss is incrca,sed to 15 or 20 per cent, of the 
lead and 2 to 3 per cent, of the silver. The lead loss in simpl(‘, roasting at 
a low temperature is chiefly as fine dust mechanic.ally (*.arried off by the 
draught and recoverable in suitable flues and settling (diambt^rs, while th(^ 
loss in the fusion process is as a true fume, very litth", of which is recjovered 
in ordinary flues. The losses in slightly sinteringor agglonn^,rating 
are not very much higher than in plain roasting, tlun:(vforc rich l(‘.ad orc^s 
should be only sintered,"" never “ slagged."" With on'S rieJi in lead the 
agglomeration need not bo carried very far, a very slight rise in temperature 
above that normally employed giving the material suflic.ient ])lastic.ity to 
enable the furnacemen, by dint of ramming it into the slag pots a,s drawn, 
to produce coherent masses, which only partially break up b(^for(^. (diarging, 
and are, therefore, much less liable to furnace losses than m(u*e powdm*. 
According to Hofman,t only such ores should be slagged as <;ontain under 
10 per cent, of lead and 100 ozs. of silver per ton. Sixim th(‘, intro(lu(*.tion 
of blast-roasting methods (described in the next c.hapter), whereby the high 
temperature required for agglomeration and partial slagging is obtaim^d, not 
throughout the whole charge at one tim(*,, but in sucscessivcH small portions of it, 
and in such a way that the focus of high temperature is always surrounded by 
comparatively cold ore, so that any substanc^es volatilised have a good cihance 
of becoming recondensed in the surrounding (jold c;harg(^, ordinary slag 
roasting, as applied to mixed pyritic ores, has become obsolete. Purely leacl 
ores and mattes are, however, still in some places roasted and sintered in 
hand reverberatories. 

According to Iles,J the loss caused by slagging roasted on^. does not stop 

* a; and if. Feh. ‘28, 1891. 

tBiscuHsion on “American IniprovomentH, &c.,” Tram^ A,X,M.JL. voL xxii., 
p. 657. » > 

XE. and M, J., vol. Ixviii., Sept. 16, 1899, page 341. 
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at tlie volatilisation loss in the roaster, for the lead silicate formed by slagging 
is much more difficult of reduction than if left in the condition of oxide or 
sulphate, and so the blast-furnace slags carry more combined lead; he 
also claims that zinc, which might be converted into oxide by simple roasting, 
is often prematurely fused as sulphide in the fuse box, and must subsequently 
enter the matte or slag in that form, causing the troubles to which reference 
will be made in the following chapters. 

Boasting Appliances.—At difierent localities the roasting of leady ores 
and mattes may be found to be carried out in either of the following types 
of appliance—viz., heaps, stalls, kilns, reverberatory furnaces, both hand and 
mechanically stirred; and even in a few cases shaft and muffie furnaces are 
employed. 


ROASTING LUMP ORES AND MATTES. 


Heap-roasting is only applicable to lump ores or to fine ores artificially 
.made to take a lump form. Fines may be employed in certain proportions 
as a covering, but if it is wished to use them in large proportion they must be 
“ bricked or ‘‘ balledwith an admixture of lime or of waste liquors con¬ 
taining ferrous sulphate. A single roasting in heaps is usually not sufficient, 
and, as a rule, several roastings are required. 

In the heap roasting of mixed ores there is always a tendency for the 
copper (and, according to Vogt, for cobalt and nickel also) to become con¬ 
centrated in a “ kernel,'' which resembles in composition a copper matte of 
7 to 50 per cent.* According to Plattner,f when the roasting proceeds very 
slowly silver and lead exhibit a well-marked tendency to pass towards the 
outside of the lump ; for example, in a well-roasted piece of heap-roasted 
iron-lead matte the central kernel contained only 5*2 per cent. Pb and 0*075 
per cent. Ag, whereas the outer envelope contained 17*2 per cent. Pb and 
0*230 per cent. Ag. This is confirmed by the fact that films of metallic silver 
have been not infrequently found on the outside of lumps of calcined ore, 
where, no doubt, they had been deposited by the decomposition of some 
volatile compound of the metal. When, however, the roasting proceeds 
quickly, so that the temperature rises to the fusing point of a low-grade 
matte, copper, lead, and silver are all concentrated indiscriminat(‘ly by a 
sort of liquation process into a low-grade matte which is found in the lower 
portions of the pile. 


At Goslar (Lower Harz) heap roasting is still practised on the pyritic 
ores from the Kammelsberg, which carry blende and barytes, but arc too 
poor in lead and silver for the more costly roasting in reverberatorics. The 
ore is composed roughly as follows :— 


Pel* cent. 

Galena, . . . 9 to 10 

Blende, . . . 27t} to 30 

Clialcopyrite, . . 1 to 1| 

Pyrites, . . . 11 to 16 

Gangiie (chiefly barytes), 44 to 47 


S, 

Cu, 

Pb, 


Zn, 

Fe, 


Average 


Composition per cent. 

. 16 to IS 

. 0-011 to 0-015 

. 0-45 to 0-55 

. 9-98 to 10-5 

. 18 to 19 

5 to 7 


Peters, Modern Copper Smelting, 7th Ed., 1895, p. 134; also {Schnabel, Hand- 
Inich der Metallhiittenhimde, vol. i., p. 36. 

Die Metallurgisclien Rostprozesse, Freiberg, 1856, p. 205. 
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The floor of the roast yard is formed of well tamped clay, upon which is 
pread a layer of roasted fines. The heaps hold 300 to 500 tons each,^and 
Lre built up on a square bed of logs and brushwood 16 to 20 indies thick 
ud 33 to 40 feet in the side, channels being left for the air currents. Upon 
his bed is spread, first, the coarsest ore, which comprises the chief part of 
he heap ; then, successively, the pieces of fist, egg and nut size ; and, lastly, 
, layer of raw fines. The heap is then covered with a layer of sifted once- 
oasted fines, and forms a truncated pyramid on a. square base 36 to 40 feet 
quare at bottom and, say, 12 feet square at top. When ready, it is lit on 
he side opposite to the wind. In this way, since air can only enter 
hrough the channels left in the bed of fuel, during its passage through the 
Dwer part of the heap it becomes deprived of its oxygen, so that the hot 
;ases which reach the upper part of the heap are composed principally of 
itrogen and sulphurous acid. These gases volatilise from, the pyrites a part 
f its sulphur, which condenses in a liquid form in bowl-shaped de})rcssions 
bout 8 inches across formed in the upper part of the heap and lined with 
re fines, from which it is from time to time removed. The lirst sulphur 
ppears fourteen days after lighting the hea,p. 

The first roasting lasts from six to seven months, after whic.h the coarse 
re is screened from the fines (which are leached for zinc, vitriol and then 
melted) and subjected to a second and even a third similar roasting con- 
.ucted under sheds to protect it from the weather and from high winds, 
he second roasting lasts six to eight weeks, the third from four to six weeks, 
.he coarse well roasted ore is then smelted,f tog(dh(u* with irh(‘, h'ached lines. 

The roasting of 100 tons of ore ,r(M|uir(\s altog(‘th(T 13*9 (uibic*. m(d,res 
3*8 cords) of billet wood and 212 faggots of brushwood. It will be n^adily 
nderstood that in the foregoing c.omf)li(‘a,t(Ml si'ries of opcu'iiifons theu't^ is 
reat danger of losing lead and silvm* in linc^, ore dust mechanit'ally (carried 
way by the wind, &c.; especially a.s, in th(‘. roast-ing procu'ss, silvcM* a-ppi^ars 
D become concentrated in the outermost thoroughly calcined shtdl of each 
imp of ore, where it is most lial)le to loss by a4)ra.sion, &c..*~tlie c^xae.t opposite 
eing the case with copper. 

At Sunny Corner and at Lake George (New South Wa.h‘s) complex ores, 
Dmposed chiefly of pyrites, quartz, and bl<md(‘,, with from 5 to 10 pen* cent, 
f galena and 3 to 4 per <;ent. of cliah'.opyrite, w(‘.re, until within tin*, last few 
ears, roasted on a large scah^ in h(‘.apB of from 800 to 2,(K)0 i,onH, built from 
•amlines at the level of tlutir tops by nutans of iron turni.abh^s a,ml movalde 
ictions of track. No c-are wa,B t,ak(m to s(‘parat(^ (H)a,rHe from lim‘, but after 
ying a bed of wood in looser. clnajiKw work about 15 ineln^s (l(H‘p, a. laycu* of 
fleeted large lumps of ore was lirst spread over it., a,nd thim the run of 
Line'"' ore deposited upon it exadfly as trammed from nnd(M‘grouml, upright, 
igs of wood being inserted into th(‘ roast bed a,t r{‘gida.r intervals a f(‘w 
rrds apart to S(wvc as chimneys. With sucJi highly pyriti<‘. on*, tlu^ <piantity 
; wood used per ton of on*, is small, and ii-s cost l)ut a few p(‘n(u‘ p(*r loti, 
nee wood is only required for ignition ptirpos(*s, and tin*. (u*t* onet*, ignited 
irns readily and thoroughly. A he.ap of on*, can lx* thorouglily burnt out 
. about two to three months if hdt alom*., hut by eomm(*n(flng t(» r(*move 
le burnt ore as soon as tlx^ ()ut(*,r fringes is prop{‘rly roast(*d, tlx* wlioh* li(»ap 
in be burnt out and removed in a month whem not over 7 or 8 f{*(*t high. 

P. Chap. XX. . t r, Cliap. xi. 
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All the objections to heap-roasting of ores apply with even greater force 
to the roasting of matte in heaps, while the product is usually not so well 
roasted, nevertheless the method is still employed to some extent. 

At Clausthal (Harz) matte is roasted in heaps of 150 to 200 tons built 
on a bed of cordwood, with a second bed of brushwood and coal-slack between 
the largest lumps of matte ranged above it. The first burning lasts two to 
three months, and yields about one-third as well-roasted product carrying 
about 6 per cent, sulphur, principally as sulphates. The remaining two- 
thirds require two or three more burnings in smaller heaps of 75 to 100 tons, 
built up as before, the well-roasted product being hand-picked, and the 
residue passed on to another heap. 

At Cordoba^ Penarroya, and other places in Spain, lead mattes are roasted 
in'small heaps of 40 to 50 tons by means of screened cinders from reverber¬ 
atory furnaces or from steam boilers, layers of fist-sized lumps of matte 
alternating with layers of screened cinders 2 inches thick until the pile is 
completed. Such small piles burn out in three to four weeks, and any tend¬ 
ency to over-heating and fusion is checked as soon as noticed by a layer of 
fine ashes over the part affected. 

In Utah and other parts of the United States heap-roasting was commonly 
practised up to within a few years. The piles were usually made quite 
small, measuring 24 by 18 feet in the base and, say, 6 feet high, on a bed 
of light wood from 6 to 15 inches thick. They held about 80 tons each, 
and burned from thirty to forty days. Fine matte was kept to spread over 
the heap and to check combustion in case the pile should get too hot, but in 
spite of this, fusion or, rather, liquation of the lower part of the pile frequently 
took place. Terhune mentions * a case where the fused bottoms ” thus 
produced assayed twice as high in lead and silver as the original matte. He 
gives the cost of roasting down to an average of 6 per cent, sulphur, as $2.25 
(9s. 4d.) per ton, made up of labour (breaking, transportation, building, and 
breaking down piles) $1.65 (6s. lOd.) and wood (one-seventh cord) 60 cents 
(28. 6d.) per ton. 

The only advantages of heap-roasting are cheapness and absence of 
expenditure on plant. Its principal disadvantages are:—(1) Slowness of 
roasting, which means locking up capital for months; (2) imperfection of 
roast, with the consequent necessity of re-handling and re-roasting a con¬ 
siderable part of the whole; (3) great losses of valuable metals through 
‘‘ dustingand leaching out of silver and copper as sulphates. 

Stall-roasting possesses the same disadvantages as heap-roasting, but in 
a less degree. Although some expenditure on plant is required, it is much 
less than in the case of furnace-roasting ; while, compared with heap-roasting, 
the roast is quicker and more perfect, the losses by dusting and leaching are 
smaller, and the fumes, even if they are not utilised, can be rendered less 
obnoxious. The operation is very similar to heap-roasting, except that on 
account of the steadier draught the process goes on somewhat quicker ; and 
that a part of the fumes is frequently drawn ofi through the back wall of the 
stall and discharged into the air through a high chimney. A very convenient 
form of stall for this purpose is that shown in Figs. 33 and 34, which is in 
some places used for roasting copper ores. 

At Przibram (Bohemia) stalls of more or less similar type are used for 
* Tranff. vol, xvi., p, 23, 
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casting lead matte. They are built of slag-brick, and, besides the ordinary 
taught inwards through the loosely-built front walls, are provided with 
Lorizontal passages in the side walls, as shown in Figs. 33 and 34, which 
xpedite the roasting and also bring it more under control. The well-roasted 




Figfl. 33 and 34.—-Roasting-stallB. 


atte is about half the total charge of the stalls, and contains 8 to lOjper 
nt. sulphur ; all lumps containing more are re-roasted. The consumption 
fuel 18 , of course, less than in heaps. 

Similar stalls are in use at San Luis Potosi (Mexico) and many other places 
c roasting leady mattes. j i 
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The Wellner stalls used at Freiberg have a sloping bottom, and require 
no roast-bed'' of wood; each half stall measures 10 to 12 feet wide by 
8 to 10 feet deep from front to back. 

The only advantage of stalls of this kind is that any kind of cheap inferior 
fuel can be used in them; they are, however, awkward and expensive to 
fill and empty, especially when wood of even inferior quality is scarce and 
dear. They cannot be used at all for high grade non-pyritic lead ores, but 
are still used for pyritic ores and for mattes at some out-of-the-way places, 
where the quantities handled are small and the country round is not in a 
high state of cultivation. 

Kiln-roasting.— Kilns are furnaces of the general type of an ordinary 
pyrites burner, which, however, is unsuitable for leady ores, inasmuch as 
the column of ore is too low to give the required temperature. 



FigH. 35 and JJG.—Fi'oiherg Kiln. 


Kiln-roasting for pyritous lead ores in lump form is only adopted when 
tlie roast-gases produced can be usefully made into sulphuric acid, or when 
they must be rendered innocuous to the surrounding country. The ores 
treated must be poor in lead, or it is impossible to prevent them from sintering. 
No fuel is required in kiln-roasting, since, once started, the necessary heat 
is supplied by combustion of the sulphur; skilled labour is, however, indis¬ 
pensable, and the roasting with leady ores is so imperfect that it must be 
followed by a re-roasting of the lump ore in heaps, and of the smalls in 
reverberatory furnaces. 

Lead ores containing much pyrites art', successfully roasted in kilns at 
Oker (Harz) and at Freiberg. The construction of those at the latter place 
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is shown in Figs. 35 and 36. S is the shaft of the kiln, 9^ feet high, 7.] feet 
long, and 4 feet 3 inches wide. It is lilled with ore through an opening in 
the arch by means of a hopper closed by a sliding door, oi‘, better, l)y means 
of a cone and bell. The ore falls upon the pierced saddle-grate, G, and is 
ignited through the ashpit doors, A, througli which a.lso the sup})ly of air is 
regulated. The roast-gases are led olt through a flue, F, in tlu‘. ba,c,k wall 
into a main flue, which is common to the whole system ol! kilns, and com¬ 
municates with the sulphuric acid works. The roasted ore is rajanl out 
through the discharging doors, D, and the descent ol; the column is reguhited 
by means of the working doors, W, through which bars ca,n be driven into 
the charge to loosen it and break up half-fused masses. Each kiln turns 
out tons of roasted ore per twenty-four hours. 

Mattes are also roasted in these sanu^ kilns. 

At Oher similar kilns to those at Freiberg, but somewlnit higher, a,rrang(‘d 
in groups of five, all commimkuiting with each otlier under the a,r(fii which 
forms the roof, are used for roasting mixed (topper and lead orivs. kSucIi oih^s, 
averaging blende 25 per cent., pyrites 25 per cent., (‘halc.opyrite ,15 pin- cent., 
galena 14 per cent., heavy spar .11 per cent., and otlun* ganging 7 pm- (umt., 
and of which 1‘8 to 2 tons arc eha,rg(d per twenty-four hours, cannot In¬ 
sufficiently desulphurised a,t one roa-sting. They ari-, tlun-i-fore, rc'-roasl.t-d 
twice in heaps to fit them for smelting. 

At Lautenthal (Oberharz) kilns of the Fn^iln-rg typ(% arra-ngml in groups 
of six, and larger than the Freiberg kilns, bihng 13 ha-t 10 inehi-H high, 7 fei-t 
6| inches wide, and 8 feet *1 ineJa-s (ha-p, ar<-. (-rtiployial for roa,st.ing ma.t4,(-H, 
From the centre of (aich skh-. rise saddle-shapial ridges dividing Gu- roasticd 
charge into four portions (a)rresponding with tlu^ four doors, whh-h facilitad-s 
the drawing. In order to ])r(A'eni sinii-ring, four pa,rts of fn-sh maGc. an-, 
mixed with throe paj-ts of oma-, roa,steal mal.te^ to form t-ln^ charge-, a.nd the- te)tal 
output of each kiln is 2*2 tuns pe-r twa-nty-lbur liours. Hit-, niastuel ma.ilu still, 
however, containing about 8 pi-r e-enf.. sulphur. The- reiasi^-gase-s e-einl-ain by 
volume 5 to 6 per ee-.nt. SO.., ajul the- n-sults eibtairual are- be-Gt-r on this 
material than with the pyrite-s burners feirmeu-ly in use, the- f)rt)tlue-t t)f which 
still contained 13 per ta-ni-. sulphur. I’he-st- kilns art-, of t-euirse*, seune-wluif/ e-x- 
pensive to builel, aaiel theur out/piit. is small, hut. the- Itaaii tle-manel feu- sulphurie 
acid in the ncighbourheitid re-neh-rs the* re-eeiverv <*f the- sulphurtms gase-s 
profitable. 

At CdSd'pdlca {Ptu'u)’^* a (*eunp!e‘..x pyrifie, zincy lt*atl tire- is reKiste-ei pre-- 
paratory to smelting in Guyt-r kilns tif seune-what, similar eh-sign, 18 fe-e-t 
long, each of whie.h roasts If) terns pov eluy freun 30 pe-r ee-nt. S elown (t) 
about 10 per eeuit., with a fuel eainsunifitiem of abeuii. I perea-nl. eif fiue- 
coko brce^zc'., and the teital east e)f roasting eleu-s not. e-xea-eal Is. pov itm with 
cheap labour. 

Comparison between Dilforont; Systoms of Roasting Ore and 
Matte in Lump Form.- Tin-, folleiwing talile- shows at. a. glane-e- the- 
advantages and tlisadvant>ag(‘s posse-sse-el by he-aps, stalls, aiul kilns 
respectively 


Prindv rimimmilctiHaio 3. WoeHigeitc. 
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Cost of erection and repairs, 

Cost of working, labour, 

,, „ fuel, . 

Perfection of roast with ordinary 
leady ores, .... 


Utilisation of roast-gases, . 


Danger of loss of silver 
and leaching, . 


by dusting | 


Heaps. 

Nil. 


High. 

Poor. 

ML 


Stalls. IviliiH. 

Medium. ^ 

About 0(1 ual in (juantity. 

Medium. Almost nil, 

f Better than Worsi^ than 

\ heapK. heaps, 

r I'cmihlo I 

t in part, j ‘ 


Greatest. Intermediate. Least. 


It is, of course, understood that only the coarser parts of ores \vlii(*h are 
rich in pyrites can be at all advantageously roasted in lump form. 
ores, however, which are usually roasted in heaps, can freqmmtiy be luindled 
to greater advantage in stalls or kilns. In many cases the valiu^ of th(‘ 
sulphuric acid produced by condensation of the roast-gases adthnl to tJie. 
amount of compensation for damage to crops, &c., saved by prevc^nting* 
escape of the fumes will more than pay interest and wear and tear on a com¬ 
plete plant of kilns and acid chambers; again, in other (‘uses, tlu‘. urstmic 
contained in the ore will pay a good interest on the cost of kilns and settling 
flues, even if the whole of the sulphurous and sulphuric aends in ih(‘. roust.- 
gases be allowed to escape; while in cases where none of tliese bye-prodiuds 
can be advantageously utilised or rendered marketable, and wlum the sur¬ 
rounding country is barren, simple heap-roasting is often the. c.h(‘apest and 
best system, even when it has to be repeated on part of the ore. 

Sintering of Slimes.*^—Lead slimes in rough air-dried lumps or in 
briquettes can be readily and cheaply heap-roasted in a dry (‘Timate. At 
the works of the Broken Hill Proprietary Co.^ more than 100,(KK) tons of 
slime have been treated in this way. The slimes have the following geiu^ral 
composition:—PbS 24 per cent., ZnS 29 per cent., FeS^ 3*4 per c.ent., silica 
and silicates of manganese, alumina, iron, and lime (in rhodonite, garnets, 
and kaolinised felspar) 44 per cent., and they arc run from the dressing works 
into large shallow pans about 9 to 12 inches deep, where they are allcnvunl to 
dry for a couple of days before being cut up with spades into rough blocks 
4 to 6 inches across. These are built into heaps about 20 to 22 feed, widt^ x 
6 feet 6 inches high and 200 to 250 feet long, holding 1,0(K) to l,r)(K) tone 
each, with brick fireplaces and brick air-channels at the bottom. About 
per cent, of wood in the fireplaces is required for kindling, an operation 
which lasts only about 24 hours, after which the heaps take 10 to 15 days 
to burn out, care in adding a covering of fresh fines being sometimes re(|uir<al 
to check too fierce local heat. The outside covering, which is only partially 
roasted, is removed, pugged with water, and used for plastering over a new 
heap. The inside is found to have sintered into a porous, but coherent, 
mass, which only requires to be broken up into pieces of manageable size. 
A comparison of the composition of the raw and roasted material in as 
follows:— 


Raw slime, 
Sintered slime. 


Pb 

Zn 

Sulphur 

Oz. 

per cent. 

per cent. 

per cent. 

snvtT. 

17-0 

16-0 

i2-r> 

17-5 

14-5 

12*5 

7-1 

ir>’H 


* Horwood, Tra7is, Aust. LM.K, vol. ix., pt. 1 : 
1907, p. 321. 


and Delprat, B. and M. ./., Feb. 16, 
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Th(‘. roHiduHl sulphur is mostly prt>s(‘ut. as sulphate ; the loss of weight in the 
profcss is T) per cent., a goo<l ileal of which, however, is no doubt lost by 

duKtiiiiz. 

'I'lif process is ehea]», and the product is in admirable condition for the 
smeltiiig furmu'cs : the lossi-s of haul and silver are, however, considerable, 
amouutius' to 121 pm- cent, of fht> former and (i per cent, of the latter. As 
the e.xpulsion of sulphur is also imperfect, the process must be looked upon 
from th(> purely tt'chnical point, of view as crude and wasteful. The metallic 
eontents of Broken Hill ores being, however, very great, and lead and silver 
bi'ing thi' cheapest things available, while fuel and labour are the dearest, 
from the commerciiil point, of view the process is highly successful, no other 
eiiually cheap method of roasting f.hese slimes having been devised. 

Tlu' rl•aetions which take place in this sinter-roasting of lead slimes are 
somewhat ob.scure. It is eh'ur that at a t.emperature of 400° C. the PbS is 
cf.nvi-rted into basic stdphate. and that, at 8(K)" 0. this is decomposed with 
formation of basic silic.ate. It. has be<‘n suggested that the CaO and MnO 
virtually or jaitentiidly liberated from their silicates through the action upon 
them at a high temp*'nUure of the first BbO formed, may themselves become 
oxygen-carrier.s, according to the following mpiation :— 

a.MnU-i-O 

fi.S ! -t Mn,,th = + 12 MnO 

and also 

i‘h.S 1 (’nSO,-:: I'l.SOj + CiuH 

C*hS f rr C’aS( 

Tlu' tjf the liovvcver, would alone be BulFicicnt to 

aretnuit fur tin' nipitlify of the rouHiing pn)e(‘,aH, which, in the author’s opinion, 
is hIh(» hirgi'ly asHi«tcd }jy tie* following reaciionn 

e pl.s I 2 so, f 30, 2 EhSO^ + 2 SO.^ 

2 PbSO^ e ‘ 2 PbO , SiO.^ + 2 SO.j 

2 SOy I Og ': 2 SO,. 


lir>,\STINU FINK ORES AND CIUmUED MATTES. 

The grf*ati‘r piirt of the It-sid ore' r(*e.eiv(*(l by any Binelting establishment 
h in it more or lei« lim* eimditicm, whetlier in tlu^ form of natural smalls from 
the mineg or. m k more cfimmom cjf ('oncentrat(*B from dressing works, which 
may vary from benn .nlze jig etmetRiirates down to the finest dust from 
revolving lidifi'H and otlier slimt* macliincH. The variety of appliances which 
liave been UHed for roanting fine pyriilc ores is gn^at; they may be classified 
iiH ri'verlfcratory. cylindm; muflle, and shaft furmices, examples of all of 
which will be baind*described in t^tlier volumes of this series. The roasting 
of lend tireg pregrfitg, however, mucli mor<‘ dillicmliy than that of copper 
ores, sini’t' tlicy are so iiiueh m<jre fusiblt*, wliile it is oft(‘.n complicated by the 
presene*' td lar^n’ amounts of Ifiimde, one of ih(‘. most dillicAilt of all metallic 
sulpliittf*s to thtirougldy (oxidise, iSome. of the roasting furnaces which liave 
beim immt am'ef'ssfn! on pyritie copper orc's luive ^proved quite unsuitable 
to tile roitHfifig of ordinary galena ori’s c’lirrying blende ; practically speaking, 
nearly all ores art* roastetl in some vari(Ty of reverberatory furnace, 
eit,lti*r liaiid stirred or meehanica!. 
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As regards mattes, these are obtained naturally in lump form, and, if 
roasting in heaps, stalls, and kilns were not so imperfect, one of those methods 
would be universally adopted. Matte, however, is usually more intrinsically 
valuable than the average ore put into the smelting furnaces, so that the 
losses in handling and in treatment become correspondingly more important; 
it is, at the same time, much more difficult to roast in a lump form, owing 
to its want of porosity and to its ready fusibility; in view of its further 
treatment, moreover, it is essential that the roast should be as perfect as 
possible. For all these concurrent reasons, the practice of crushing matte 
through a 4- to 8-mesh screen preparatory to roasting has become almost 
invariable in modern works of any size. Lead ores containing upwards of 
15 per cent, of that metal should be crushed through a 8- to 12-mesh for 
really good roasting. 

In all cases when leady ores and mattes are roasted in furnaces, a system 
of flues and condensing chambers must be provided in order to catch, not 
only the particles of ore mechanically carried over by the draught, but also 
the lead which is volatilised in the metallic condition through the reaction 
of PbO and PbSO^ on PbS in the hottest part of the furnace, and the still 
larger amount of PbS there volatilised*—both of which, of course, become 
oxidised subsequently to vaporisation. 


BEVERBERATORY EURNACES. 

The original style of reverberatory furnace in which the charge was 
spread evenly for roasting, and from which it was raked at the end of each 
operation, is now probably extinct, as it is not only of small capacity, but is 
extremely wasteful of fuel. 

The type of furnace which has been most uniformly successful in roasting 
lead ores is the old-fashioned long hearth reverberatory, which, though not 
economical of fuel or of labour, is adapted to ores carrying any proportions 
of galena, pyrites, and blende. In order to roast any ore in a long hearth 
reverberatory, it is introduced at the cold end farthest from the fire, and 
gradually moved down towards the hottest part of the hearth, where it is 
discharged. The speed with which the material is moved forward depends 
upon its general composition, highly pyritic material can be roasted at a 
high temperature and passed through quickly; when galena predominates, 
however, the roast must be slow and the temperature kept low throughout; 
a high proportion of blende again means exposure for a length of time to a 
high temperature. 

Double Hearth Reverberatories having two hearths superposed 

double-bedded calciners'')? order to save loss of heat by radiation, 
are still to be found at a few works in Germany and in other parts of 
Europe, but have been generally abandoned elsewhere on account of the 
heavy labour required to work the charge on the upper hearth by means 
of movable platforms on which the men stand, and of the difficulty of 
getting at the lower hearth and arch for efiecting repairs when necessary. 
The saving in fuel efiected by the superposition of hearths, though 
real enough, is, in most cases, insufficient to compensate for the above 

Lead aulpliido being volatile at a lower temperature than the metal itself, its oxide 
or sulphate. 
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<U,mi(lvaiit.i'ii'A tins ami a sli,^ht savitig in first cost, tlie chief 

ailvantaci' <>1 tlu' douhlc-licililfd calciiu'i: ” ia the economy of space in 
old imdallurutoal vvorka whoro tliiav is not, room to erect new furnaces of 

thi‘ luU!j; typ»‘. 

I In* iin.irtli.H ui th* MiH*h(‘niicli luniaccs are very long, bein<^ 

:>0 fVnt iuiii* by i:i fwl wiile, lu twenty-four hours, each furnace puts 
tlinnigli l.^id iuv dressiMi up to fH) to (K) per cent, lead, with a con- 

suniptiiui i»f ‘i7 iA rtial (/.e., lb per cent, by weight of the ore), the 

rtKisitHl ore, wiiieli i.H ^unftu’cd togt^tlun* before being drawn, averaging only 
Oil to (};7 prr cniii. of .Hulphur. No such perfect roasting of lead ore is con- 
tiucttnl in America, but it t akt‘s a goful deal of labour, and would be, in most 
cases, far t«H) cxpcnHive undtu* Aiuerican c.onditions. 

Bitigb^ Iiong-ll«>urth liovorboratorioB.>-As has been already stated, 
tht' type of roaHtin‘4 furnace in most common use is the single long hearth 
reverberatorv, called by the CJermann “ Fortschaufelimgsofcn,'' in which are 
to la* fouiiii at the same time sevau'al (diarges in dilferent stages of the 
prtrcaa, each of wliich ia HUcceamvely raked and pushed forward as a com- 
plefeit cliano* ia drawn. 

When t!o‘ aiibaeqiif'ut treatimmt of tlu^ roasted ore requires it to be in 
a fuscil t>r ae^dtuucratcil (*ondiiion, tlu^ roasting hearth at the firebox end 
tenuiiiHfca, in a sump ” or (h‘pn\sHion in which the serni-fused mass 

can be i'ollectcd, preferably, in a vcrticai channel or Hue through which 
the roast»*d im* ih rakial into n Hcparate* snn^ltiug hearth or fuse-box, and 
through which tie* tlamea paHsiug ovt*r the latter ase.end to the roasting 
hf*arf!t. Wlien a a«*paratt‘ fust*duc\ is umal, the* ore is almost always made 
so Iluid as to bf‘ ilrawii oti through a spout into slag pots, and only if very 
infusible iM it raked out in ueelumtu'aied eakt^s a.nd masses through the work¬ 
ing tioora, I n America, wln*n aegloimn’ation of tin*, ore is desired, this separate 
Himhing licjuili is almoHt invariably employed, while in Europe, on the other 
hand, the i-ontmuou.a luairth with sump is in general use. 

TIte disadvantage of tin* hitter is that tin*, heat cannot bo so well con- 
<*eiitni!ed, and tin* iitaaa begins to Hoftim aaid sinter together as far back as 
the third t»r fouiili dtior from I lie lirediridge; this not only increases the 
ditlicultv of rabbling, but, unh*Hs tlic lusirth is exc.eedingly long, results in 
III! impt*rff*ii roast, parlicleM id unaltt*rcd sulphides becoming glazed over, 
and HO pro!cell’d from osidiwng influences. On the other hand, the vol- 
atiliHatioii loascH boili of !f‘ati and of the [irec-ious metals are much less in the 
sump rr\-i*r!ieratorv tlian in the Hcparati*, fusion h(‘.a,rth. The arguments for 
am! agaiic4f “ lUiifcriiig ami " shigging ” ritspiadively have been already 
Htated III this chapter, and need not be repea,teil here. iSuHice it to say that 
the rich non fcrriniiiioua ores i-ommouly incited in Ihirope are best roasted 
in the aiiiiip form of reverberatory, while the ferruginous concentrates and 
ores wliicit arc more imiiafly met with in Armuica were, prior to the 
advent id blaat roiialiiig, best 'trcatf*d in that with separate fusion hearth. 

(trurfiil Tin* h*ini;tli <d tin* luairtli from flue to firebridge, 

or to the bcgiiuiing of the smelling hearth, as tln^ case may bo, varies from 
about til feiU, 111 file caH«* td galena ores comparatively free- from pyrites, 
up to i'»n or Th frrt, lit tin* ease of ores eontaining rnueh pyrites, half of the 
sulphur III which is avaibibh* as find. R<*V{n’hi*ratiory hearths have been con¬ 
structed of iiiiicli gr»Mtt*r leiigth tliaii these, but it may be safely stated that 
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no increase above tbe maximum lengtli of about 70 feet is warranted, for 
any furtber trifling economy of fuel is more than ofiset by the increased 
labour required to handle the charges, the increased cost of construction 
resulting in no compensating advantage. The width of the hearth should 
be as great as possible, consistent with reasonable facihty in handling the 
ore. It may be as little as 9 feet 6 inches and as much as 17 feet, but the 
capacity of the narrow hearths is much smaller in proportion to their cost, 
and modern furnaces are generally from 14 to 16 feet wide. Beyond 17 feet 
nothing would be gained by increasing the width, for, in the first place, the 
handling of the charge would be more difificult, and, in the second place, 
arches of much more than that span at the very low rise of to f inch to the 
foot generally adopted would not be safe under the alternate expansion and 
contraction caused by changes of temperature. 

It is of great importance to make the arch as flat as possible, so that 
the flames may be well spread out towards the sides, instead of travelling 
along in the central channel of the roof, and doing comparatively little work 
upon the ore. For the more complete utilisation of the heat contained in 
the products of combustion before their escape from the furnace, the arch 
is sometimes built with a slight downward inclination toward the flue. The 
same effect, however, is much more readily produced by inclining the hearth 
upwards in the same direction, either by giving it a uniform gentle slope or 
in steps, the latter plan being preferred by some on account of marking ofl 
conveniently the area occupied by each of the separate charges. 

The arch is best constructed of firebrick throughout,* though it is quite 
usual to employ selected red brick in the part furthest from the fire. The 
hearth is always constructed of the best firebrick obtainable, so as to 
better resist the wear and tear of the tools. At the far end of the furnace 
the bricks are laid on edge (and sometimes even on the side, though this is 
really poor economy), but near the firebridge they are best laid on end, and, 
of course, the sump or fusion hearth must be so laid. 

The number of working doors is made as small as possible, so as to reduce 
both the first cost and the subsequent cooling of the furnace; but if they 
are placed too far apart the difficulty of handling the charges is much 
increased. In practice the distance varies between 6 and 8 feet, the most 
common distance being from 7 feet to 7 feet 3 inches from centre to centre 
of the cast-iron door frames. The blocks of masonry between adjacent 
working doors are in modern furnaces kept as small as possible, in order 
to facilitate access to all parts of the hearth. The skew-backs of the arch 
must be supported between the door frames, either by means of special 
plates cast with a strengthening rib ; of wrought-iron I girders inserted 
behind the buck-staves; or, finally, of a sheet of boiler plate, say 18 inches 
wide by 1 inch thick. The buck-staves are frequently made of steel rails, 
which in some places are more convenient to obtain than I beams, but the 
use of the latter is preferable, since much greater strength can be got out 
of a smaller weight of metal than by the use of rails. 

An essential condition of quick and economical roasting, often lost sight 
of, is the provision of a supply of heated air in close proximity to the sur¬ 
face of the ore. Merely passing an excess of air through the fireboxes, be¬ 
sides being wasteful of fuel, is not nearly so efiective as furnishing a separate 
* Unless they cost over three times the price of common brick. 
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supply of frt‘»h air previously heated by passage through the hollow division 
walls of i-}u‘ fir(‘hox, through the bridge, or even through hollow flue walls, 
and under tlu' Inearth. IMiis is partieularly advisable in the case of pyritic 
ores and of matters. 

thiekiu'ss of tlu^ layiu* of ore upon the hearth may vary between 
3 and (> inelu^s, this ch'piuuling partly on the local cost of labour, but more 
upon i.h(‘ nature of tlu' on^ ^ iVritic*. material, which readily parts with its 
sul})hur, can b(‘ roasted wi‘ll in b to (binch layers, whereas ores rich in lead 
a,nd i^ine, as W(‘ll as mattes, reipiire a, thin layer and much rabbling in order 
to expose fresh surfaces, and i,o obviate the tendency to “ crustingor 
incipient, sintering, which shows itsihf more the thicker the layer upon the 
hearth and tlu‘ higlna’ t-h(‘ percamta.ge of lead. 

Thi^ fiu'l usihI in roasting furmuavs may be of the cheapest description 
available, proviihsl that it maki^s a. certain amount of flame. Wood is fre- 
(jiuuitly ('mf)Ioy(‘d wht‘n^ it can bi' obtained cheaply, but slack coal is much 
more eoinmonly used. ()il and prodiuau’ gas have been used in a few instances, 
and tlu‘ UH(‘ (d both appiairs to bt‘ spreading. At Selby (Cal.)* crude oil at 
7s. piu* barrt‘1 is us(‘d in four long Hopp furnaces by means of eleven burners,f 
steam lading (unploytal as atomism’, and shows an economy in fuel cost of 
•to to ht) pm* e<mt. ov(‘r coal at 21s. 8d. pin* short ton ; besides the saving in 
cost tliert‘ is a <’ertain increase* in roasting (aipacity, owing to the smaller 
amount, of products of combustion, and to the better oxidising atmosphere 
which can be inaintaimHl with regularity, on account of the perfect control 
ovcu* tht‘ bunu*rs. 

Ida* (piantity of ore put through in t.wcmty-four hours depends on the per- 
cimtagi* of sulphur cxpelltMl ; on t lu* prcwmiling mineral accompanying the 
gahuui, whetluu' pyriti'S, (piartz, or blende, tlu*. first being the quickest and 
th(‘ last. th(‘ slowest, to roast ; on tin* (dliciimcy of the workmen; and on the 
fimil condition of the roasted product, whetluM' pulverulent, sintered, or 
fustal. Tilt* capacity of furnaces of t.hi* saini*. area may vary in accordance 
wdth th(‘ aliova* factors b(*tvv(‘(m ti an<l M tons per day, the average lying 
h(‘.tw(‘(‘n 8 and 12 tmis. ddu* cr)nsumption of fuel is greater than with pyritic 
copper ores; if coal be uH(‘d it. varies bitwinm 15 and 30 per cent, of the 
weight of on* put through, av(*raging 20 to 25 per cent., according to the 
quality. If wood be uscsl, th<^ eonsumption may vary between two and 
four cords per day, as it may hi* rei’koiual that two cords of wood will be a 
litth*. more than equal to I ton of coal. The amount of labour required 
vari(‘.H also with tin* composition of tin* on*, and the condition of the roasted 
prodiu’t, but-, as a ruh% thna* m(*n a-n* r(‘(|uired to a shift, which may be 
(‘ithcr of (dght or «>f twt‘lvi* liours, gcni‘rally the former in America and Aus¬ 
tralia, tlu* hitt(*r in Knrope. If tin* roasted ore is turned out in a powdery 
condition, a capacitv of 2 tons p(‘r man may be n*garded as a reasonable 
maximum ; if it is to la* slaggiai, the. (’apacity is rarely, if ever, over 1|- tons 
pi*r man, and may fall Ih‘1o\v I ton p(‘r man. 

Examples of Bovorboratory Furnacos,~As an example of the long 
h(*arth n‘.v(*rbcrut.tu’V arranged for plain roasting without sintering, that in 
use at I^rzihrtuti may la* (|Uotcd, and is shown in. Figs. 37, 38, and 39.^. In 

* A. V. (1. Koup, Mhihuj and Nov. 29, b)02 

t For piU’tioufarK of cnKio oil lairncrH, h(U‘ ('hap. xvi., Fig. -.66. 

t Froiii SfhaaiH'l, Handhneh dtr MvtallhmUtnkrnHh, vol. i., p. S34. 
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these F represents the fireplace fired at both ends; 5, the bridge, built of 
magnesia brick and cooled by a long cast-iron water-box; H is the hearth, 
48 feet long and 10 feet 3 inches in average width, or equal to 12 feet 4 inches 
as usually measured. It will be noticed that the fourteen working doors, 
W, are not placed in pairs opposite each other as in the Freiberg and most 
American furnaces, but alternating; this arrangement much facilitates the 
even working of the charge, and is widely adopted in the most modern roasters. 
The ore is let down through the charging pipe, c, at the flue end of the hearth 
in charges of 1 ton each, and spread out through the two doors at that end, 
being gradually worked forward towards the bridge, and finally, when roasted, 
raked through the discharging doors, d, into a small truck running in the 
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Figs. 37 to 39.—Reverberatory Furnace for Plain Roasting (Przibram). 


first arch, a, which is provided with a floor of cast-iron plates. Similar arches 
run across the furnace at intervals, their function being merely to cool the 
hearth. The furnace gases rise through the vertical flue, e, and turn back 
under a floor of cast-iron plates which serves for drying the ore, after which 
they follow two brick flues, /, built over the firebrick arch and fire grate, 
finally turning down beyond the latter through the flues, g, which are pro¬ 
vided with dampers and connected with a main underground flue. 

The ore roasted in this furnace contains 51 to 58 per cent, galena and 
8 to 11 per cent, blende, with 12 to 14 per cent, silica, the remainder being 
chiefly iron pyrites and chalybite. It is roasted down to an average of only 
1 per cent. S, and is very slightly agglomerated with the rabbles at the end 
of the operation before dropping into the hot-ore truck. 
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The Freiberg furnace for sinter roasting is shown in Figs. 40 to 42. It 
is somewhat similar to that just described, but the portion of the hearth 



Eig. 41. 



Fig. 42. 

Figs. 40 to 42.—Reverberatory Furnace for Sinter Roasting (Freiberg). 

marked S is the sump, sloping gradually to a trough between the first working 
doors, through which the agglomerated ore is raked into iron wheelbarrows. 
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Witli very rich lead ores the melting point is so low that perfect fusion of 
the charge can be easily effected in a sump furnace without separate fuse- 
box. This was done at Mine La Motte (Mo.)"^ in the case of a rich galena 
concentrate poor in silver. The hearths vary in length from 55 to 66 feet, 
and in width from 11J to 13 feet, the length being generally five times the 
width, with ten doors on each side, and a continuous slope of 18 to 20 inches. 
The grate is made 3 feet 6 inches deep from bridge to grate bars, so as to 
use wood fuel. The bridge and firebox division wall are air-cooled, a small 
chimney on the roof above the latter drawing a strong current of air through 
both ends of the hollow bridge and keeping it cool. As in the Freiberg 
furnace, the “ sump in which the ore is fused down is composed of a single 
course of firebrick built into a wrought-iron pan resting on brick pillars, 
between which air circulates freely ; this air cooling is very effective in pre¬ 
venting corrosion. 

The dressed galena contains 65 to 75 per cent. Pb, and the ‘‘ sulphides 
(a sort of middle product of galena and pyrites) 15 to 30 per cent. Pb, 16 to 
45 per cent. Fe, and 1 to 5 per cent. Ni and Co. The roasting charges are 
made up of a mixture of both products, 8 tons per day being treated in the 
55 by 11^ feet furnaces, and 10 tons in the 65 by 13 feet furnace. The roasting 
is carried on in the following way :—f 

As soon as one fused charge is drawn, sand is thrown over the sintering 
hearth near the bridge and the fire lowered while the next charge (already 
desulphurised down to 5 or 6 per cent, sulphur) is spread over it, and each 
successive charge moved forward two doors, a fresh charge being dropped 
in at the flue end of the furnace and spread. This operation of moving- 
forward and adding a new charge takes about two hours. The doors are 
now closed and the fires cleaned and fed; the proper amount of sand is 
thrown upon the charge to be fused and well rabbled in. The fire is then 
urged for four hours, the fuse charge being well stirred every hour. When 
ready for drawing, the men, protected by a half-cylinder of boiler plate, 
which stands on the ground below and in front of the working door, rabble 
out the fused mass (which is described as of a ropy consistency) with long 
hoes direct through the working doors, and subsequently break it up by 
throwing water on it, when it cracks and is easily shovelled into wheel¬ 
barrows. Sometimes a little lead is reduced in the furnace by “ reactions,'’ 
but this trickles away through a small hole in the bridge into the ashpit, 
whence it is recovered by washing the ashes. Eight tons of ore are roasted 
and slagged per twenty-four hours. Other data are given in Table XI. 

The Colorado " roaster, with separate “ fuse-hox ” or smelting hearth, is 
shown in Figs. 43 to 47. The particular furnace figured is from the El Paso 
Smelting Worlcs; it is peculiar in that the furnace gases are turned under 
the hearth through vaults occupying the whole width, which thus become 
dust chambers. The arrangement is a poor one, as the cleaning out of dust 
chambers in such a situation is a particularly hot and dusty job, and more 
or less interferes with all the work of the roaster shed while it is going on; 
it is only defensible where there is no room for proper dust chambers. Vaults 
under the hearth are never required, and the space is much better filled with 
rubble masonry or simply with well-tamped sand, as the temperature of the 

* Hofman, Metallurgy of Lead, 1893, p. 166. 

f Kemp, 8. of M, Quarterly, voL x., No. 3, p. 215. 
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calcining hearth, rarely gets above a dull red, except very near the bridge. 
The fusion hearth must, of course, be built on a vault. 

The furnace figured has four hearths, each 14 feet square, separated by 
means of 3-inch steps, the end farthest from the fire being thus closest to the 
roof, so as better to utilise the heat of the roast gases. The same result 
might be attained by dispensing with the drops and giving the hearth a con¬ 
tinuous gentle downward slope towards the bridge. 

The fusion hearth is nearly circular in plan, the radius being 10 feet 
8 inches; connection is made with it from the smelting hearth by means 
of a vertical flue 26 inches high and 5 feet 6 inches long by 16 inches wide, 
the object being to ensure a sharp separation between the smelting tem¬ 
perature below and a roasting heat above where the hot gases suddenly 
spread out from 5 feet 6 inches to the full width of 14 feet. In this way the 
ore above is to a considerable extent prevented from fritting together until 
the moment of its arrival on the fusion hearth, a result favourable to the 
handling of the charge as well as to the perfection of the roast, and impossible 
to obtain with the Freiberg form of furnace, in which, with fusible ores, the 
charge sometimes begins to agglomerate as far back as the third or fourth 
pair of doors. 

The arch of the furnace is generally built of firebrick only up as far as 
the end of the lowest roasting hearth, the rest being picked red brick, but 
some metallurgists prefer to build the whole arch of firebrick, as being more 
lasting and avoiding the evils caused by unequal expansion and contraction. 
The bottom of the roasting hearth is formed of firebrick set edgewise as 
closely as possible on a bed of red brick; while the working bottom of the 
fuse-box, formerly built up (as shown in figures) of quartz sand melted down 
with a small quantity of slag on a concave brick bottom, is now commonly 
made of a simple inverted arch of firebrick properly wedged up, which is 
found to be very durable and satisfactory. The whole of the fusion hearth 
is enclosed in heavy cast-iron plates, and a heavy plate is also inserted in 
the air-cooled firebridge to take the longitudinal stress off the hearth. The 
walls of the smelting hearth and the flue leading to it from the roasting 
hearth wear rapidly, and have to be patched with fireclay from time to time. 
The cost of a furnace like that figured is, at Denver, about £600, on the 
Mexican frontier about £1,000. Each furnace requires 86,000 red bricks, 
15,000 firebricks, 10,000 lbs. of old rails, 12,000 lbs. of cast iron, and 4,400 lbs. 
of wrought iron (sheet iron and tie-rods). 

The weight of charge is from 2,400 to 3,300 lbs. ; it is dropped through 
a hopper at the far end of the furnace and spread evenly over the space 
between the last four working doors, remaining there till a charge is again 
drawn from the fuse-box, and the other charges have been moved forward a 
step, when it is all turned over and transferred to the second hearth. Be¬ 
sides the moving forward, each charge receives from one to three rakings 
with the rabble in the intervals, so as to expose new surfaces. When it 
reaches the end of the roasting hearth, and before it is dropped on to the 
fusion hearth, the latter is prepared by spreading on it a few cwts. of siliceous 
ore to protect the bottom, and~ to form slag with the ferruginous roasted ore. 
Sometimes, also, flue dust is prepared for subsequent furnace treatment by 
being charged into the fusion hearth, where it is soon melted down after 
being covered with the hot-roasted ore. As soon as the roasted charge has 
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been Hprencl tlie. lire is urged as much as possible; fusion soon commences 
iu‘ar^ t he top, but trcHpuuit and vigorous rabblings at short intervals are 
ri^(pur(‘d to lilt, up t he siruHH)us ore and bring it into intimate contact with the 
more, basic mat.mnnl and slag already formed. After a few hours" hot firing 
tlu‘ whoh' rnass biH-omes tluid, when it is rabbled out into ordinary slag pots 
and left- to cool; after which, it is broken up into lumps the size of a cocoa- 
nut- for the blast luriaua^. When the eliarge runs high in lead the portions 
first, fused must- ia‘ rabbUnl out at once, as otherwise they would act too 
much upon th(‘, hearth and walls. 

Kurna>c(‘s like that ahove described will roast and slag from 6 to 10 tons 
p(‘r day with a consumption of 30 to 45 per cent, of coal, and leave from 

2 to t> pm* etmt. sulphur in the product. When plain roasting, two men are 
found sulheitmt on a 12-hour shift, but wlien the charge is fused a third 
itian is r<a|uired to attcmd to the fuse-box and the firing. With labour at 
hs. (id. to lOs. t)d. for twa^Ive hours" work, and coal at 7s. (id. per ton, the cost 
of roasting and fusing ordinary ores should not exceed 8s. per ton-—though 
with unskilled imm and slipslmd superintendence it is frequently much higher. 

At- most smelting works of the present day the fuse-box"" has been 
done away with; in fact, the author is not aware of a case where it survives. 
Oeeasionally, !iowevt‘r, where, agglomeration in the furnace is practised, the 
place' of the old fusion hea,rth is taken by a sintering hearth,"" running the 
full width of t-lu' lu‘arth, but at a lower level, tlie objce.t being to make a 
sliarp liiu' Indwtam ore which is still roasting and that which is being slightly 
agglomt'ratftul prior to elra,wing. In some (‘.ases the slightly sintered ore is 
nuwely drawn into iron trucks, where it only partially coheres; in other 
east's it is rainmt'd into ordinary slag pot.s by the furmuamien, where it forms 
masst's !U‘a-rly us ct>her(*nt aiul, at the same time, as porous as (;okc, and, 
tht'Ftdore, in tlu^ bt'st possibh' condition for further treatment. The obtaining 
(d a thorouglily (‘oliert'ut mass is in some unexplained way much facilitated 
by ptmehing t hrt't'. or four hoh's in the mass immediat(4y aftt'r ra,mining dowm, 
througli whi(‘li a copious diseluirge of fumes takes plae.e. 

Other HxampIvH of iMntj Hevvrbvrnlories^—Kt tlu^ (b)ckle Ofeck Works of 
tin* Sulphide' (’orporation, lamittul, zine-h'ad e.one.entrates (middlings), and 
slimt's containing 28 to 30 ptw ctmt. Pb and 25 to 28 ptu* c.t'nt. Zn, were until 
r<*et*ntly roastt'd in long hand rc'vt'rbt'ratories, (>2A ftu't by 12 h't'.t, at first, for 
h'aching by tht^ Ashcroft proet'HS (n. (3ia.p. xiii.), and Hubse<|U('ntly for dir<u‘t 
smt'lting. A moderatt^y high ttmiptn-ature with low draught is emjiloyed, 
and th<^ roastt'd product (umtains alxmt 8 to 10 pt'r cent, SO-i, besides somt* 

3 pt'r etmt.. of sulphur as uuoxhlist'd sulpliidt'. Sornt' further partie.ulars a-re 
givt'U in 4"ahh‘ XI. Tliis tabh^ contains Bimihu* particuhirs with refereruic to 
all tlie furnnet'B th'Brribt'tl, and to a grt'af. many others as well. 

At various works, notably at the Hoaitvr No. (Montert'y) gas-product'rs 
liave Ix'cn used for firing roasters, with the double object of facilitating 
regulation of tht'* temperuturt' wlu'n* tlu* available labour is unskilled, and 
of utilising <*okt* brts'Zt' which tends to aevumulate a-round smelting plants. 
At t.hi' plant- n'fi'rn'd to tlu're' a.r<' twe'lve' long liatubrabbh'd rcverhi'ratories 
fired bv six Taylor gas-produet'rs, t'aeh 7 fi'c't in dianu't e'r by Ifi feet high, the 
fui'l use'd bt'ing a mixtures of Lan'dei coal and coke bns'zc' from which the 
fine, dirt lias been siTt'emHl out.*^ 

* Prirnte Xolm^ 19U2. 
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Mechanical Furnaces on the Reverberatory Principle.—Under 
this head might be considered the cylinder furnaces of various kinds, but 
the term ‘‘ mechanical reverberatories ” is usually restricted to those furnaces 
with a fixed bed in which the ore is rabbled or moved along by stirrers actuated 
by suitable machinery, and to those having a revolving circular bed, upon 
which the ore is moved by fixed stirrers. Of the former class are the O'Hara, 
the Brown-Alien and Brown Horse-shoe, the Pearce Turret, the Spence, 
Keller, Wethey, and Ropp furnaces. Of the latter class are the Brunton, 
Heberlein, and Godfrey furnaces. 

In order to satisfactorily expel the greater part of the sulphur contents 
of leady ores without bringing about premature agglomeration, it is necessary 
to be able to accelerate or retard at will the progress of the ore from the coolest 
to the hottest part of the furnace, and to vary the amount of stirring at 
different stages of the roasting in accordance with the composition of the 
particular ore mixture being handled at the moment; since both the tempera¬ 
ture required for oxidation of the sulphur and that required for fusion of the 
ore vary within wide limits, according to the predominance of galena, blende, 
or pyrites as the principal sulphide mineral present. The hand-rabbled 
reverberatory consequently can be readily adapted to treating a variety of 
ores and a varying ore mixture; mechanical furnaces, on the other hand, 
in which the motion of the rabbles, and consequently the motion of the ore 
through the hearth, are both uniform, are at a distinct disadvantage as 
regards the quality of the work done, and require for good results that the 
ore mixture supplied to them shall be of a nearly uniform composition, and 
comparatively low lead contents. 

One of the greatest difficulties with roasting leady material in a mechanical 
furnace is the tendency to form crusts through incipient fusion in the lower 
part of the charge. In hand-worked furnaces the tools, of course, bear 
directly on the hearth, and so crusts can be broken up as soon as they begin 
to form while still soft; but it is impossible to let mechanical rabbles 
work actually dragging on the hearth on account of the friction, with 
the result that crusts grow from the bottom upwards, till they meet the 
rabble blades, and go on growing as these wear away. About twice a 
year, therefore, it is necessary to close down the furnace and cut up and 
plough up the crusts which have formed in the six months' campaign, and, 
if left undisturbed, go on growing until the rabbles wear away. At some 
works a special curved steel plough is affixed to a blank rabble arm, along 
which it is made to move between each circuit, so as eventually to cover 
the whole hearth in successive portions, and so rip up all the crust in about 
an hour or two; this process is repeated once a week or even oftener. At 
other works the crust is allowed to grow freely until the rabbles wear out 
and have to be replaced, which takes place about twice a year, at which 
time the furnace is shut down, and the whole of the crusts are cut out by 
hand before re-starting. 

The Brown-Allen-O’Hara Furnace,* so largely used in the Western 
States of America for roasting pyritic copper ores and mattes, consists nor¬ 
mally of two superposed reverberatory hearths 90 feet long by 8 feet wide 
in the clear. The ore is moved forward by a series of stirrer carriages, which 
run on an iron track separated from the roasting hearth by means of a slotted 
* For figures and details see Peters, Modern Copper Smelting, 7tli edition, p. 202. 
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wall, and which are attached to each other by chains running over a system 
of vertical pulleys at each end of the hearth. The ore fed in automatically 
a,t one end of the upper hearth is gradually moved forward by the stirrers 
till it rea,(‘.hes the far end, when it drops through on to the iower hearth. 
The stirrers run on in the air, supported by the chains, for a certain distamte 
in order to cool them ; and, being turned over by the pulleys, they then return 
on the lowcn* hearth and gradually work bac-k the ore to the discharging 



doors at th<^ (‘nd of the futaiace. lir(‘boxeH, fiina* or four in nunilxn*, 

are built outside, of tin* main furnace* walls, tiie* (la.nn*s <*nt.(‘ring by cross 
arches. 

These furna(*<‘s cost abo\it £2,tHK) api(‘C(* in I)(‘iivt‘r or Pu<*blo, a,nd th(‘ir 
capacity on pyritic, matenial is from 30 t.o 35 totw p(*r day, a,ccording tx) t.he 
perfection of tht^ roast, but. the fuel consumption is high. 11n‘y hav(*. Ixaui 
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ustnl a,t the (Uohc (Denver), Fuchlo, Trail (B,C.), and other lead-smelting 
])lantH, but owing to the formation of crusts they do not give satisfactory 
r(‘snlts on imiterials containing more than 15 to 20 per cent, lead as a maxi¬ 
mum. ^ral)l(‘. XII. gives a few particulars about the performance of the 
furnace at the Puvhlo plant, where the charge is frequently a mixture of 
iiiuhv crushed matte and galena. 





Transverse Section of Firebox and Furnace, 

Fig. r>o. 

FigH. 40 and 50. «"■ Brown Hor.so-Hhoe Furnace. 

Tho Brown IIorBO-shoo Bnrnace,* shown in Figs. 48 to 50 may be con- 
sklciva UH a !ir..wn-Allcii-()’Hara funmee with the upper hearth removed, 
and the lower lieurth bent routul into four-fifths of a cdrcle. Only two stirrer 
carriaues an- used, and that whieh has finished maknifi; the circuit of the 
hearth, and maki's its exit by lifting up the flap-door which closes the end 
of it, strikes the other carriage whieh has been cooling in the open space, 
• /•;. <iml M. May I'i, IStl-t; also Peters, lx., p. 218. 
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At tlie Colorado and Philadel'phia Smelting Works (Pueblo, Colo.)"^ fur¬ 
naces of tbis pattern were erected and tried for roasting leady ores, for wbieb 
work, bowever, they tiave not given much satisfaction on account of com¬ 
paratively bigb fuel consumption, and of tbe large amount of due dust made, 



Figs. 51 and 52.—Pearce Turret Furnace. 

althougli the actual cost of roasting is lower than in the han^d-worked furnaces 
-nSv a tride under 4s. per short ton. On ores running high in lead it 
has beel’found advisable to use only one of the rabble arms for stirring, 
^ PTwats JSfotts, 1897 and 1902. 
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instead of two as used with ordinary ores and mattes, since with such ores 
it is important not to turn over ignited particles until the sulphur has been 
partly burnt ofi. The ore takes five to six hours to pass through the furnace, 
the daily output being 12 to 15 tons ; one man per shift attends to two fur¬ 
naces, but the coal consumption is nearly twice as much as with hand furnaces, 
and the amount of flue dust produced is from to 3 to 4 per cent, by weight, as 
against one-half of 1 per cent, or less for the hand furnaces. Sintering on 
the hearth is combated by a heavy adjustable plough for tearing up the 
crusts, the invention of Ehodes. 

Although lead ores cannot be satisfactorily roasted in this furnace, mattes 
containing from 10 to 14 per cent, of lead as a maximum are successfully 
roasted, the sulphur contents being reduced from 20 or 21 per cent, down to 
5 or 6 per cent, at the rate of 12 to 14 tons per day, and at a total inclusive 
cost which, including power, repairs, and depreciation, is stated to be under 
3s. 6d. per short ton. Table XIL gives some comparative figures relating 
to the work done on mattes at Colorado plants. At Sdby (Cal.)^ lead mattes 
containing 8 to 12 per cent. Pb are roasted in tlie Turret furnace down to 
4 per cent, sulphur at the rate of 14 tons per twenty-four hours. 

The Bopp Straight-line Furnace f Juis proved one of the most suc¬ 
cessful of all the mechanical furnaces for roasting Jeady material- Some of 
its details will be understood from reference to Figs. 53 to 56. Each of the 
six rabble-blades, which extend the full width of the hearth, is supported 
on a pair of four-wheeled trucks (shown in Figs. 55 and 56), and these, instead 
of running on a track level with the hearth, and only separated from it by 
means of a sheet-iron curtain (as in the Brown-Allen OTTara furnace), run 
in a vault beneath the arch, connection being made by vertical arms which 
pass through a continuous cast-iron slot 1| inches wide in the centre of the 
hearth. These arms are attached to a |-inch wire rope instead of to a chain, 
and while both rope and carriages arc much better protected from the heat 
of the hearth than in the OTIara furnace, they are more than half their time 
outside the hearth altogether, so that they get thoroughly cooled down at 
each revolution, which takes three and a half minutes. The ropes pass 
round two large sheaves at the furnace ends, and the track for the stirrer 
carriages bends round outside the furnace, as shown in the figures, so that 
the carriages run continuously with the rope without any jerking or irregu¬ 
larity of motion. The length of hearth in the ordinary or small-sized fur¬ 
nace is 105 feet by 11 feet wide in the clear, with four stirrer carriages and 
usually three fireplaces, arranged as shown in the figure. These fireplaces 
have air-cooled bridge walls, which serve tlic purpose of supplying heated 
air for oxidation. The ore is fed in from hoppers at one end of the furnace 
by means of Challenge automatic feeders, and is discharged into roasted ore 
hoppers at the other end. There is no coitiplication of superposed hearths, 
and the stability of the principal arch is in no way interfered with by open¬ 
ings ; the furnace, therefore, suffers less from racking and wear and tear 
than most others, while it is easily accsessible for repairs. The ropes last 
about eighteen months, and the rabble-arms even longer; the rabble blades 
themselves last six months on the fire side, and double as long on the side 
opposite to the fireboxes.^ There are three sizes of furnace, the smallest 

* Doiidas, Journ. Artn. Ausr. 16, 1895, p. 8.'J2. 
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wliicli is that iigiired, measuring 150 feet X L f feet, takes 7 to 8 H.P., and 
roasts from 45 to 80 tons of material per day with a coal consumption of 
about 13 per cent, by weight. ’'Fhe largt'st-sized furnace (‘.ontains 7(MldO lbs. 
of ironwork, besides anotlier 18,000 lbs. of buckstaves, or 94,000 lbs. in all; 
164,000 ordinary and 29,000 lirebrieks are also required. Tlie total cost of 
the ironwork alone is about £1,300, Lo.b. San Framasco. 

Some data of tlu‘. pt',rforma.n(*(‘ of the furnace at t.he Selbi/ irorA:.9 

(Cal.), compared with the work done by tlu^ Ih^aa’ce Turret furnaca'—both 
furnaces running side* bv side a4. Selbv on th(‘ same ore—are given in Ihible 
XIIL 


TAIUjF X 11 L* “Comparison iietween Pkar<'e Turret and 
10 >P!» STRAKJHTdUNE FUR*NA(’E, 


Pcufci* TmTft. j RopP St.nuKht-linc. 


Percentage of haul in orta 

,, of Hulpluir in raw ons 

,, Hulphur in roantccl ore, 

DimenHionH of furnaot'., 

Approximate cost of furnac.ts 
Time sptmt in furnaci^ hy ('uch part ich 
of ore, ..... 
Output of roasted orti p(*r twtady-fou 

hours,. 

Mean conHumptlon of coal, . 
P(U*centagc ,, ,, 

Labour p(T furnatu^day, 

H.P. r<Hiuirod to drive, 

Repairs and (h^pre(‘.iation, . . ) 

Ehie dust produced, ... 5 


12 ti> ir> pta’ {uad, 
20 to 25 ,, 


a pta' <!tait. 

;U> f(*et diauudia*. 
Cl,200. 


"1 to 5 pta* ctaii.. 
105 f(*<‘t by 11 had., 
£1,HIK). 


Five' hours. 

12 to D) short tons. 
2 short. t.ouH. 

15 pta* ctad. 
Two nttan 
4 11.D. 

('onHitha'ablci, 


Six hours. 

25 to 55 short, tonn, 
•1 short tons. 

1.5 pta* ctad,. 
d’wo nuai. 

5 to 0 H.P. 

Vta*y little. 


On the.s(‘. figurtts t.here would secuu t.o b(* Home* Ha,ving in cost in favour of 
the “ 8traight-line,” but evidimtly its prine-ipal advantagets simphu’ eon- 
strue.tion and better cooling of tin* ral)bh‘. blades (whu‘.h nuatns h‘ss cost for 
repairs) and tin* smalhn* amount, of llin^ dust produe.iaL It is no d(dibt. th(‘ 
use of a blast for eooling th(‘ ra,bbh‘s which im-naises tin* amount of (lin* dust 
produe-(Rl by tin* Ihirnd. furnact*. As n*gards (‘conomy of fu<‘l, lu^itluu* fur¬ 
nace s(u*ms to r(5i(4i a high standard, and no doubt a.ny of the more* (*.(>rn- 
plicatcd furnaecH with sup(‘rpoH(*d Inairths would giv(‘ b(d,it‘r n^sults in this 
respect if tln‘y c.ould bt* d(‘p(‘ud(*d upon to lumdlt* hanly oih'H without, cloit.ing. 

At the Port Plrie'\ Works of tin*. Hrokcai Hill Proprietary ('ompany tiv(‘ 
Ropp furnaces, 150 fetd, long x 14 wide*, an*, in us(* for roasting le.ad 
concentrates. Form<‘rly, wh(*n 55 pc*!* cent. conc(‘ntra.tc*H vv(‘r(^ roastcKl alone, 
considerables diliicnilty was c*xpc‘ri(*ne.(‘d through clotting and sintc'ring; but 
now that to tins (sonc(*ntrates additions arts made of 14 })(*r e(‘ni. by wesight 
of shell sand, 44 per cemt. of fine* iron ore, and 9 p(*r e(*ni. of silie(*ouH ore, 
the tonnage put through daily has hi‘en inereased t.o 1(H) tous p(*r furnaces 
without difliculty. Faeh furnace disc-liargcsH into a iioppc*!*, from which an* 

* Primtfi eommunicaiion, A. v. d. Ropp, N(}V. LSOU. 
t Delprat, M, an(t A/. March 16, 1907, p. 510. 
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filled iron trucks holding a ton each, and these, by means of a hydraulic lift, 
are raised to the fl.oor above the H.H. pots. 

Particulars of work done by the Ropp furnace at the now dismantled 
Hanauer Works (Salt Lake City) are given in Table XII. 

Mechanical Reverberatories with Multiple Hea.rths.—The best- 
known furnaces of this class are the Spence * * * § and Keller t furnaces. Both 
have superposed hearths, four in the Spence, five in the Keller, traversed 
by rakes having a reciprocating motion; but in the latter furnace, which is 
much more modern, the mechanism and stirrer carriages are altogether out¬ 
side the furnace, only the rabble-arm itself entering the furnace by means of 
a slotted wall, the slot being made tight by a travelling steel band. A pair 
of furnaces are built 8 feet apart, so as to use only one set of carriages and 
mechanism for the two sets of rakes. 

These furnaces do splendid work on pyritic ores, not only at Butte, 
where they were first introduced, but also at the Germania Works, J where, 
however, extensive experiments have proved that for good work in roasting 
the limit of lead in the ores is reached at about 10 per cent.; and further, 
that the furnace is not suitable for roasting lead matte owing to the difficulty 
of controlling its tendency to sinter on the upper hearths. Table XII. gives 
details of the work done by this furnace on ore containing 8 per cent, lead 
at the Germania Works. 

The Wethey § furnace is another furnace with superposed hearths built 
in two blocks, having the mechanism and stirrer carriages running in the 
space between the blocks. It consists of four superposed hearths, each 
50 feet long by 10 feet wide, heated by a firebox at the side, and the ore is 
worked forward from the top hearth to the bottom by the usual stirrers of 
rabble blades fixed to pipes resting on carriages, which run on tracks fixed 
outside the furnace. The peculiarity which distinguishes this from the Keller 
furnace is that the rabbles, instead of having a reciprocating motion and 
returning upon their tracks idle after tripping 90°, turn completely over and 
return upon the hearth immediately below, so completing the circuit and 
carrying the ore on each hearth continuously in one direction. The furnace 
is, therefore, essentially a four-hearth O'Hara, but much improved as to 
details. 

Each furnace requires 170,000 lbs. of ironwork, 122,500 ordinary and 
2,000 firebricks, and the cost at Butte is over £2,000. 

Furnaces of this type at the Butte Reduction WorJcs,\\ working on zincy 
and coppery pyritic ores, treat 30 to 35 tons per twenty-four hours, bringing 
down the percentage of sulphur from 40 to 6 or 8 per cent. ; they consume 
only 2 cwts. of slack coal to the ton, or 10 per cent. The cost for fuel and 
labour is only Is. 6d. per ton, and the repairs in two years have been nominal 
in amount. 

Of course, the results on lead ores would not be nearly so good as the above, 
yet it should be possible to work them ; in fact, the author is informed that a 
furnace of this type is actually at work in an English works roasting galena 
concentrates from Broken Hill, but no details as to performance are available. 


*v. Peters, Modern Copper Smelting, 7th Ed., 1895, p. 220. ^ •. 

t Douglas, Journ, Soc. Arts, Aug. 16, 1895; Peters, op. cit., pp. 214-218; also 

Hof man, Metallurgy of Lead, 1906, pp. 191-195. t 1907. 

§ V, Hofman, op. cit., pp. 195-198. il Private Notes, 1897- 
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Revolving Hearth Furnaces.— Tliese are all modifications of tlie old 
Bmnton furnace, patented in 1828, and since la,rii;ely employed for roasting 
arsenical tin ores. The rotating bed is a very flat c.one, and the ore is stirred 
one or more times eax*h revolution by a, fixed plough or ploughs. The Blake. 
furna.(‘.e on this principle rtvsts on cast-iron balls in an annular groove instt'ad 
of upon a C(‘ntra.l vertical shaft. I'ln* Ueberlrin. roasting fiirmua'/'* so largely 
used in (tomu'ction wiib th<^ Ihirdingtou-lhdxu'lein procavss to be descrilx'd 
in the n(‘.xt (*hapter, is an improvenuuit on tlu^ old llruuton cahuiuu* still 
largely us(d for roa.sting f-in on^s, laang (‘sstaitiady a c.inadar r(Aa)lving luairth 
inside a fixed dome, with fix(*d lir('|)la.(‘.(‘s, air-poriiS, imd rabble-arms. The 
hearth is 26 had; in dia.met.(‘r, a.nd a, down-tunKal flangt^ at its peripluay, 
di])ping into sand in an annular trough, shuts olT tlu^ combustion clia.mber 
from communication with tJu‘ outsid(‘ air, exca^pt through tht‘. ports dcasigned 
for its admittaiuua Tlu‘ 2r)-foot luairth revolv(‘s abouti four times ])er minut(‘, 
and ta.kes about U H.P. ; it. roasts about 3(> tons ptn* f-Wimty-four hours frt)ni 
20 to 22 p(‘r (umt. sulphur down to lO to 11 ptu* (amt. with a. consumption of 



Kig. r>7. Rt^volviug Hc-arth EuniUfC! (IL'lnulciii 'I'ypo) Section. 


22*5 per cent, by weight of coal, d'lu* furmua^ is built up high abov(‘. tlu^ 
ground, in onhu* that the* driving UKHdianism under tin*. h(*a.rth may b(‘ con¬ 
veniently got a.t, and in or(h*r to fiermit the ore to be discharged into suitabh* 
hoppers. One man on (*a(di shift of eight hours <‘a.n at-tend to t.wo furnac(‘H, 
The cost of roasting is given in Table* XIl. 

Figs. 57 and 58 sliow a large* furnace*, em this prineaph*. whicli has a,ir-<*.ool(‘d 
rabble-arms. The*, rabbles the‘mHe*lv(*H are simple* flat blade's, the*. he*ight ed 
which in the arm is aeljustalih*. to allow feir we‘a,r, and the‘y are*. e*oe)I(»d by tin* 
powerful inelrauglit e>f air areiund them thremgh the* reiof, which alsei gremtly 
facilitate*s eixidation, inasmuedi as the* enirremt eif fre'sh air is bremght elirectly 
in contaeb with fre'.sh surface's e)f he*a.te*el eire. The, ln*a.rth figure'd is fhit, and 
is drivem by me'ans of an ordinary elrive*-c.hain with spreiedcet whea'ls, hut in a 
later and bedter meidifie’.ation the* In'.artli is elriven by means ed large gear¬ 
wheels underne'ath, like^ the^ original Bnmtem, 

At tlui Sullivan Smelting Weirks (E. Keiotenay) two IIe*be‘rh‘in furnaea'S 

* Ingalls, Biili, dan.r. .S('pt. 1906, p. 6HS. 
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treat 45 tons of charge each per twenty-four hours with a fuel consumption 
of 20 per cent. ; other particulars are given in Table XII. 

At Penarroya (Spain) six furnaces of this pattern serve to prepare material 
for blast roasting, the capacity of each furnace being 54 tons per twenty-four 


1 



Fig, SS.—Revolving Hearth Furnace (Heberlein Type)—Plan. 


hours of a mixture composed of 40 tons galena ore and 14 tons of fluxes, 
these consisting of slaked lime and crushed iron ore in varying proportions. 

The G-odfrey*^ furnace, like the Brunton and the Heberlein, one in which 
the hearth revolves, while the rabbles are stationary; but it diflers from 
* For an illustration of this furnace see Trans. Inst. Min. Met., voL vii., p. 324. 
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them in two respects—na-mely, in having the hearth a-nd tlic arch over it 
built annular instead of circular, resembling in this respect rather the Pearce 
Turret and Prown HorsC"sho(‘. furnaces; and in having, like the latter, a 
s(M;tor of the arch cut out, 3 feet 0 inc-hes wide at the outer circumference 
and 2 feet wide near the centre, within which sector the single fixed plough 
works, so tha.t it is always k(‘pt c.ool, and the hot ore gets exposed to fresh 
air at the moiuimt when tlu‘ rakes turn it over. 

The h(\irth is supported by bai cast-iron ca.ntilev(u*s fixed into a, central 
shaft or pillar, it is built of cast-iron pla.tt‘s upon which the working hearth 
is of 2-in(*li (ire-tiles ; its outsidi^. diaim^tiu’ is 20 hudi and the inside diamebu’ 
•1 feet () inclies, the h(‘a,rth thus hcang 7 had. 0 inclnas wide a,nd 38 feet 0 inclu's 
in length, on tlu‘. median line. It- is carri(‘d on ball-btairings, the balls or 
rollers running in a. groove, owing to which tlu‘ friction is so low that tlu‘ 
power r(H|uir(‘d for driving is only I ILP,, and t-lu* usual sptaal is from 17 to 
30 lawolutions [)er hour, ddn* ironwork for this furnac(‘ W(Mghs 25 tons, and 
th(‘ furnace also renuires 8,(>00 lir(d)ricks a.nd 7,000 rial bricks. 

At a. hauling works in Aust.ralia. tlu'St^ furna.c(‘s art‘ in us(‘ for pndiininary 
roast-ing of haul onas as a. prepara.tion for {xd-roastlug, but. th(‘ driving g<air 
has b(‘en soiutnvhat. rnodifital so as t.o assimilate^ them to th(‘, Ibdau’han fur¬ 
naces. Didaiils of tlu‘. rt'.sults of tluase, furna,c(‘s at. tlu‘ works nde'rnal t.o an^ 
givem in 1^d>h‘ XII., and it may b<‘ ment-iomal thal. tlu‘. total cost of each 
furna,c.(‘, (uv.cl.eal was ^PboO. 

At M'lirmif (Ut.ah)*^ livt^. of tlu‘st‘. furnace's, 20 iced, in eliamed.e'r, are* at work 
re)asting le*a.ely ore‘s pre‘paral.e)rv te) blast reaistitig at. the* rat.e*. e)f 8 t.e) I2 te)ns 
pen* fiirmua*. pen* t.we*nty-fe)ur hemrs, bringing ele)wn the* sulphur eamte'nts e)f the* 
ore from 18-25 to 8-12 pe‘r e*(*nt. with a, ea>al e*onsunif>t-ion e)f 3,500 te> 
4,500 lbs. (10 te) 22 per e‘e*nt. by we*ighl.). 

Bovolving Cylinder FurnaciOH. l'he*re‘ art^ two e*lasse*s of cylinde'i* 
furna,e*.e‘- tuinuily, tliat with he)rije:euital axis and inte'rmitl.e'nt. ediarging, a 
single*, charges be'ing re*volve*el until linislu'd, the* type* e)f whiedi is tlie*. Hnlcknvr 
furnae‘e*; anel t-hal. with ine*rnu‘d n-xis a.nd e*e)ntlnue)us e'harging, e>f whie*h 
type are*, the* Oxltiml anel 117///cj* furnae*e*K. 

"'rhe^ Oxhind Calcinor. Alt.liougli giving e‘xc(»}le‘nt. re'sults with arg(*nt.i“ 
fe‘re)us nuitt.e's anel pyritie* e'e)p[)e‘r ore»s, ceaitimmus eylineb'rs have* hithe'rt-o 
ne)t eu)me‘. mue-h int-e) use*. fe)r h'aely mat.e*rial, owing t.e) the* eliflie*iilty e)f e*on» 
tre)lling the* t,e*nipe*rature; and partle-ularly te) that- e)f ge'tting the* lu'at. liigh 
enough at the*. e*nel whe*n‘ tin* eaa* t‘nte*rH, without ove*rhe‘ating a.nel sintering 
at the*, disediarge* e‘nd. ddie*He* diHie*ultie*B, he)we*ve*r, are* nmst. (Vlt, whe‘re* a ele*ad 
re)ast is a.ime*d at., ajul not so seve‘re*ly whe*re‘. eudy a. part.ial roast is re‘epiire*d as 
a pr(‘limi!iary to po(."*re)a.Hting. 

Figs. 50, OO, anel 01 slmw an arrange‘me*nt. e)f an Oxlanel e'ylitul(‘r v\hie.h 
has l)e*e*n in Bue*e‘e*ssful use* at. Laurinm J ((b‘e*e‘e*e‘) for senne* ye*ars fe)r partially 
roasting a. mixture* e)f le*a,d e)re*s and fiux(*s prior te) pe)t.-re)ast ing. Ihe* eylitider 
is 42 fee*i. 0 inche‘H ie)ng by 3 fe*e‘t. I inch in eliame‘tcr iriside* the* fire*brie*k lining, 
and re‘,ve)lvem one-e* in fenir ininute*s. It re*st.s upem fe)ur se‘ts of re)lle*rH, whiedi 
are shown in the* se*edie)nB, l)Ut- omitte*el frejtii the* e*h‘vatiem at- the* pe)intH e'/, 
Ji, i\ anel d for gre‘at.e‘r e*le*arne*HS, It is he‘at-e*d by a gaS“produe‘ing (ire*phi(‘(‘. 

* A/tJi, ImL, voL xvi., p. 005. 

t Ke>r (IctailK e)f which Ht*c* thei volume on the* Mttadur(jfi (*/t^Unr in this ft(H*ie‘H, 

X /57/vjf/r rounmutU'titioio HH)9. 
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as sliown, the fuel consumption being 5 per cent, of the weight of the charge. 
The hot calcines drop into the iron waggon shown, which delivers them 
direct into the H.TL pots. The lead concentrates treated at these works 
contain on an average Pb GO to 62 per cent., Zn 8 per cent., Fe 7 per cent., 
SiO. 2 per cent., S 18 to 22 per cent. ; they are mixed with 20 per cent, by 
weight of crushed limestone and 15 to 20 per cent, by weight of siliceous lead 
carbonates. The resulting mixture loses 15 per cent, by weight in roasting, 
and after the completion of that operation contains 41 to 45 per cent, lead, 
7 to 9 per cent. CaO, 7 to 8 per cent. SiO^, and about 4 per cent, sulphur. 
The furnace puts through 30 metric tons per twenty-four hours. Other data 
referring to the work are given in Table XII. 

The weight of ironwork for one furnace of this size is about 184 metric 
tons, and the cost of ironwork only is about £588. 



T. W, 





Vi 



Fig. 59. 


Section A . B. 



The Bruckner cylinder in its niodiuni form with separate firebox running 
on a track in front of the row of c.ylinders is shown in Figs. 62 and 63, has 
been adopted on a large scab*, for roasting pyritic ores in Montana, and has 
been applied to the roasting of hnidy ores at several works. 

At the Gennania Works (Utali)*^ Briickner cylinders, 22 feet long by 
84 feet in dianuhT^r, gear-drivtm, wer(‘ until recently used for roasting both 
ore and matte, and put through 8| tons each per twenty-four hours of pyriti- 
ferous ores containing 20 piu’ cent. lead, roasting down to 24 or 3 per cent, 
sulphur, while ores with 30 p(*r (amt. huid roast down to 5 per cent, sulphur 
in the same time; tlie fu(‘l coiiHumption in each case being about 20 per 
cent, of coal by w(‘ight. Even ores containing as high as 35 per cent, lead 
can be successfully roasted by adopting special precautions to keep the 
temp(uatur(‘ low, eHp(H!ially at the neck of tlie cylinder and at the beginning 
of the roast. The marked success of th(‘. large Bruckner (*.ylinders first in¬ 
troduced at these works, companal with results obtained elsewhere, is due 
partly to th<‘ unusually large*, dianudwr of the cylinders themselves, partly 
to greater care in n‘gulating the* firing, and partly to the adoption of special 
devices for miualising tln^ temperatun*, consisting of steam-jets entering the 

^ Pnrafe 1897. 
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cylinder at the bottom of its neck and just, ladow the neek of the lirebox. 
By means of this device, and of rotating tlu^ eylinder a,t a,n iiiuisiuvlly slow 
speed—namely, from 1 to 2 nA'olutions only pen* hoiir-^-sintering or hailing 
of the charge becomes a comparativt'ly ran‘oeeiirnniee, and even when this 
does happen, the form of th(‘, (‘ylinder pm-mits of r(‘ady access for barring 
ofi” After a new charge is dropped into the (‘vlimhn- from the feed liopptT, 
it is fired heavily for a short time, in onhn- to raise th(‘ tem[)erature to the 
point where roasting begins; tlie iieat geiun’uted by t.lu^ reactions is tium 
generally sutlicient to keep up tln‘ t(‘mp(‘ratain‘ for many hours, aftm- which 
the cylinder has to be. again final to compl(‘t(‘ the, roast. The total time 
required for roasting varit‘S from 'Ml to IH, aiid in sonn^ (’as(\s (‘.vtm bf) hours. 
Some further particulars an' given in 1able XU, 

One disadvantage of tlu' Briickniw cylind(*r for roasting oia's rich in sub 
phur is the fact that the current- of air does not lamu' into su<*h elost' eoniac-t 
w.itli fresh Burfae.es of ore as is tin' ease with nu'chaideally stirnsl furuaei's. 
It has been already remarloMl that- in pn'sem-i* of a large ('xet'ss of SO., vmy 
little oxidation goes on, (*V(‘U when a c*onsidt‘rabh‘ pmaumtagc' of fns' oxygen 
is present in the. gases; and the mass action of tin* large body of ore com¬ 
pletely saturated throughout, its pores with SO „ which is only gradually 
remoW by the central current of furnae<* gases, t('nds to n‘tard V(‘ry mu(‘h 
the progress of the roast, espt'einliy at first. Ib*sides cooling tin* in'ck, tlien*' 
fore, where the tc'iuh'ney to sintering is strongc'st, jt*ts of steam or eomprt'ssed 
air have an important efTei't in stirring up the stagnant sulfihunms gast's 
playing about ovi'r the surfaw* of tin* ore, and driving them into tin* Hue. 

Another disadvautagi* of tin* firtn'kin*!*, and iinleed of ail n*volving; eyliiuh'rs, 
is the very high proportion of flm* dust made, which is ran*ly h*ss than 5 an<l 
maybe as much as lO or ev<*n lb per cent, by wt'igid. of tin* on*, iiepairs 
also are heavy, on account of the fretpnmt m*ressity for barring olT crusts, 
although they can he lessened by bidlding the lining (‘utirely of tirebriede 
while, (except in tin* hands i)f a really skilful foreman, fn*<pn‘nt troubh* is 
sure to be experlema'd through '' balling ” ami irregular roasting. 

Following th(‘ example set by the tlermauia Works, Briiekner eylinders 
have been (‘reet(‘d at H(*vt*ral of the smt*ltiiig works in Colorado and Ttah. 
The following figures * show results ubtained a! three large works : 
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Shaft FurnaooB.- The only fiirnan* of tlds kind wldeli lias lieen suee(*HH- 
fully used on pyritoim haul ores is tin* welbkmnvn fiVr.v/ca//o/rr,t wldedi at 
Freiberg puts through in tuentydour liours about fin tmm (»f a pyritous on* 
containing IH pc'r cent, galena, bU per cent, pyrites, and 22 per rent, uangm*, 
and roasts it down to about 7 per eent. suiptiur. Ordinary lead m’es. pro¬ 
perly 80 called, could not, of eoursi*, be rcaiHted in sueli a furnaee at all. 

* From Mintnti ve! siv., pp. 7, and vel. x\i., p. 
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Muffle Furnaces.—The same remark applies to the use of muffle fur¬ 
naces for roasting ores high in lead. At Oker, the Hasendever^ muffle 
furnace is employed for the first roasting of mixed ore fines which average 
11 per cent, galena, 15 per cent, chalcopyrite, 28 per cent, blende, 25 per 
cent, pyrites, 14 per cent, heavy spar, and 7 per cent, other gangue matter; 
but this is only because of the special necessity which there exists of collecting 
and condensing the sulphurous gases for the manufacture of sulphuric acid^ 

Summary.—As a rule, it maybe said that for rich galena ores containing 
but little of other sulphides, except blende, there is at present—apart from 
blast-roasting—no alternative to the use of hand-rabbled long reverb oratories, 
for which all coarse particles should first be crushed to a 6- and preferably 
to an 8- or 12-mesh. 

For a partial roast of such material rich in lead preparatory to agglomer¬ 
ation in pots, the Heherlein and Godfrey furnaces seem to have found a good 
deal of favour. 

Where the ores are poorer in lead, or where the percentage of this metal 
can be reduced by the admixture of pyritous or other fiuxing material to 
not over 20 to 30 per cent., especially when labour is costly, a mechanically 
rabbled furnace like the Rop]) seems to be, in view of its simplicity, well 
adapted to the conditions. For mattes or ore mixtures containing not over 
15 per cent, lead, where the quantity to be treated is not very large, the 
Pearce furnace may also be employed, in spite of its somewhat higher fuel 
cost and the higher percentage of fine dust made, which would appear to 
render the Ropp preferable for large installations. 

When, however, iron pyrites is the predominating constituent of the ore, 
and the percentage of lead does not exceed 10 per cent., any of the mechani¬ 
cally-rabbled reverberatories may be employed for the ore fines, the multiple- 
hearth Wetliey and Keller types, possessing decided advantages over the others, 
on account of their economy of fuel, though ill adapted to the handling of 
readily sintered material, even with special precautions to keep down the 
temperature. 

As regards coarse ore, in which p3rxites is the predominating constituent 
(say all of nut size or over), it is usually best crushed and roasted with the 
fines and with fine lead ore in a hand or mechanically rabbled reverberatory; 
although where local conditions permit it may be roasted in stalls or kilns at 
a lower cost, and occasionally to much greater advantage. The prices of 
labour, materials, fuel, and motive power, value of acid fumes, damage or 
nuisance caused by them, &;c., must be duly considered, and each case decided 
on its merits. 

It may be remarked with regard to all mechanical furnaces that they 
need careful handling by skilled labour, which is always expensive, and 
frequently not obtainable outside of great metallurgical centres; further¬ 
more, as has been already seen, they are not adaptable to changes in the 
composition of the charge, and require a fairly uniform charge-mixture. 
Unless, therefore, the smelting works is on a large scale and favourably 
situated (as large-scale w6rks generally are), both as regards the supply of 
reliable skilled labour and as regards a regular supply of ores of fairly uniform 
composition, it will usually be best to rely upon the ordinary hand-worked 
reverberatory for roasting all fine ores, except those containing so little lead 

tSchiuibcl, 0 }u r/V., p. 83. 
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u.nd so mucli pvritos as to rondor Ihoin ideal material for meehauically ralabled 
furnaces. 

In view ol ifie (‘ost!in(‘SS of hand roa.stini*;, and, a.t the sairu^ time, ot the 
af)solute neei‘ssity for taxpellinjj; the sulphur eonleuts of a. large part of the 
ores reeeiv(‘d, until wiihin the past three or four years the use of meehanieal 
funuiees was spnxiding gnaitly in largi' (uistom smelting esta.l)lishmeuts, a,nd 
efforts W(‘re nuuh' to ap{)ly t lami sue.eivssfully (wam for roasting nuitau’iaJ with 
a, (-onsidera hh' p<‘re<mtag<‘ of h*ad. Since th(‘ giuuu’af int^roductfon of blast- 
roa,sting, howevau’ (lor a (h'scription of which th(‘ next, clniptm* should be 
consulted), and in particular siiua^ tJu' chwadopiiumt of that. jnodih(*ation of 
till' proc(‘ss in which ore niixtun^s only modm-atidy rich in lead a,re roasted 
without tile addition of linu‘, th(‘ pyritic. and ot.lu'r non-haidy materiaf jiresent 
serving to protect. t,lu‘ charge from finunatuia^ and too thorough fusion, 
ordinary roast,ing of hiu' oriss plays but. a sia’ondary [lart. in tlu' (‘(‘onomy of 
most large haul smelting establishments: and ind(H‘d its use is fr(Hi[U(mtly 
restricted to the roasting of matti's, <*op})ery pyritic on^s, &c., all of which 
material is lad-tm* suit(‘d to roasting in rnechaniiad furnaci‘S than are the haul 
or<\s ]m)p(u*. 
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CHAPTEE VI. 

BLAST-ROASTING OF LEAD ORES. 

Blast-roasting, more commonly altliougb. less appropriately called pot- 
roasting, is a comparatively new process, wliicli combines tlie function of 
elimination of sulpbur with that of agglomeration. It is a sinter-roast 
carried out usually in an iron converter or “ pot,'' instead of a furnace, through 
the agency of an air-blast instead of an oxidising flame, and utilising as fuel 
the sulphur contents of the ore itself. The oxidation and generation of heat 
are so violent that, in view of the ready fusibility of compounds of lead, it 
is usual to submit the ore, if rich in lead, to a preliminary partial roast, in 
order to diminish the risk of premature agglomeration. 

There are three main variants of the process :— 

1. The original Huntington-Heherlein process, which comprises two distinct 
operations:— 

A. Slowly heating a mixture of crushed galena with from 6 to 15 per cent, 
of burnt lime or crushed limestone in a reverberatory furnace to a tempera¬ 
ture of 700° C., and then cooling to 550° C., and allowing free access of air, 
by which means about 25 to 30 per cent, of the lead present is converted to 
PbSO^ without any reduction to metallic lead. The operations of heating 
and cooling with free access of air are repeated until all but about 5 per cent, 
of the PbS is converted into sulphate with a little oxide. Up to this point 
the lime is stated by the inventors to be mostly unchanged,’^ having served 
chiefly as a carrier of oxygen. 

B. The hot partially roasted mixture is transferred to a c.onverter, and 
blown up with an air blast under less than 8 ozs. pressure. The temperature 
rises immediately, owing to the oxidation of the residual sulphide;, dense 
fumes of SO.j and SO.^ are given off from the mass, which at first becomes 
pasty and then solidifies again. When evolution of SO.j ceases, the residue 
consists of a mixture of lead oxide and silicate and calcium sulphate. 

2. The Bradford-Car^nichael process, in which raw ore having a sulphur 
content of 13 to 17 per cent, is mixed with dehydrated gypsum, moistened, 
allowed to set," broken up to 2-inch size, and fed into a small converter 
upon a little glowing fuel, where it is blown up by an air-blast. Aft(;r the 
expulsion of steam, dense fumes of SO., arc given off, which are utilised for 
the manufacture of sulphuric acid. 

3. The Savelsberg process, in which a mixture of raw ore and finely crushed 
limestone is moistened and charged gradually upon a bed of glowing fuel 
under a light blast until the converter is filled, when desulphurisation becomes 
active throughout the charge upward, and is closely followed by agglomera¬ 
tion. In this case also the gases, although not quite so rich in SO., as those 

* This statement, however, will he seen to be incorrect. 
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from the Bradford-Carmichael process, can be utilised for the manufacture 
of sulphuric acid. 

In all the above variants, the addition of lime in some form or other, 
whether slaked as sulphate or as limestone, is an essential feature, and, there¬ 
fore, the generic name of “ lime-roasting,'' first suggested by Ingalls, has been 
applied to them all. It appears, however, that the addition of lime in some 
form, although of great convenience, is by no means essential; and, therefore, 
all the lime-roasting processes may be regarded as only varieties of a more 
general method which is characterised by the use of a blast, and is generally 
carried on in pots or converters, and to which, therefore, the generic names 
of “ blast-roasting " and “ pot-roasting " seem to be suitably applied. 

Advantages of Lime-roasting and of Blast-roasting generally. — As> compared 
with ordinary reverberatory roasting, we may note :— 

1. The plant required for a given roasting capacity is much less expensive 
and covers a much smaller space than for ordinary reverberatory roasting. 

2. Volatilisation losses are lower, owing to the lower temperatures. 

3. Kepairs to furnaces and tools are less, for the same reason. 

4. The product is in much better condition for blast-furnace treatment, 
being quite porous although agglomerated ; the capacity of the blast-furnace 
department is, therefore, increased, and the cost of blast-furnace smelting 
reduced. 

5. Any flux required by the ore (limestone or iron ore) can be mixed in a 
fine condition with the ore charged into the converters ; such flux additions 
serve the double purpose of retarding and, therefore, regulating the reactions 
in the converter, and of partially fluxing the ore before it reaches the blast 
furnace, whereby again the capacity of the latter is increased, and the cost 
of working reduced. 

The increase in the capacity of the blast-furnace department consequent 
on the adoption of lime-roasting may amount to from 60 to 100 per cent.; 
thus at Port Pirie the same quantity of ore which formerly required thirteen 
furnaces, after the introduction of lime-roasting was smelted in seven, and 
similar results are reported from elsewhere. The increase in blast-furnace 
capacity results from three sources, namely :— 

1. Coarser condition of the charge, the lower proportion of flne material 
always causing the furnaces to run faster. 

2. More intimate admixture of ore and flux, which has the same effect. 

3. More perfect expulsion of sulphur results in yielding less matte to be 
fed over again, and so leaves more room for ore. 

Reactions of Lime-roasting. —As may be seen from an examination of their 
patent specifications, the originators of lime-roasting, Messrs. Huntington 
and Heberlein, thought that calcium peroxide played an essential part in the 
process, and gave the Reactions 

CaO + O = CaO.v 
4Ca02 -1- PbS = PbS 04 + 4Ca0, 

followed by 

PbS 4- 3PbS04 = 4PbO + 4S0, 

as covering the chemistry of the process. This explanation, however, ignores 
the fact that calcium peroxide could not possibly be produced at a red heat, 
or exist in presence of excess of SOo. 
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quartz, iron ore, or slags, noiu‘ of which can be suspected of any chemical 
action in the proc'css, can y(‘t' bt‘ made to the function of arresting the 

])rematnrc fusion of the lead sulphide, and oxide before oxidation has been 
e.arrical suflici(udly far, and point s out t ha,t if the st rongly (^xothin’mic reaction— 

PUS ! ao . PhO -1^ so., i- Dies 

can b(‘ combined simulta,nt‘ously witli tln^ (‘udothermic r(^a,ction“-~ 

ID)S i aPhSiq 4P1)0 -I -ISO., - 1S7 caL, 

the process can be carried (Ui sue<’essfully without any intervention of linu'. 
'Fhe author's vitwv is that, while tlu‘ endotluM’mie n^actioii”— 

ID>S !» ('aSO^ PhSO^ (’aS - t»S cal, 

ha,s been demonstrated i!npossibh‘ in a. neutral atanospluM’e, t,he prestmc.c^ of 
oxyg(m, enabling tlu^ (’aS to r(*“Oxidise its(‘lf to (^iSO, wit-h evolution of heat, 
eompl(‘t(‘ly altiu’s th(‘ ct)uditions, for th(‘eond)iuation of tin* react.ion—• 

CaS ‘20.J : ('aSO,j + 22(P.l cal. 

with tluit. giv(‘n abov(‘ nwau’st's tin*. ln*at balance. Wi* may tlu‘ii, p(‘rhaps, 
imagine*, the (hS<), to aet> by giving up its oxyg<*n to tin* PbS, and b(‘coming 
rediu'ed to (h,S, which in the net of forma,titjii is iH'-oxidised to (h.S(), by the 
blast, a,e<'ording to tin* (‘({nation aboV(‘. Iln* n(‘tt result, expiTssed in one 
singh*, (‘.({uatlon"™ ■ 

IDuS f (^astq i 2tP r. PhSOj } C^aSO^, 

is strongly (‘Xot hermie, as shown by tin* tln‘rmoeh(‘mical (‘({uatioii— 

-17‘H i 2l(P2 a.. -= =i lDH-4. 

It s(*(‘ms ({uite probald(*, tln‘rt*for(*, that tin* addition of lime to the conv(U't4T 
charge dca^s facilitate tin* oxidation of h‘ad sulpliidi*, yet, as point(*d out by 
(){uillc‘maln, t he addithm is by no m(*anH (*HS(‘ntial, and the n'sult of eliminating 
the Hulphnr and (‘onv(‘rt.ing all of tin*. l(‘ad into oxide can be attaiimd by a 
wmbination of tlie exoth(‘rmie and (*ndoth(‘rmie reactionB— 

PhS f :U) PhO f so., f DIPS caL 
IDhS f BPhSO, 4PhO I 4SO.. 187 eal 

prematun*. fusion of the eliiirg(^ b(*.ing sutlieiently avoided by the addition 
of tim*. iron Ilux, (piartz oia*, or ot her inert, substan(a*.s. 

As will be He(»,n latiw, modt‘ru praethu*. tends in the direcllon of doing away 
w'ith the addition of lime*, at- sonu* aa(’.ritice of (‘Oieioney in tin*, oxidation, and 
of regularity in tin*, n'sult.s obtaimal. 

For tin*, sake of c4)mpl(*tt*m‘SH, it should he mentioiu'.d tluit, in addition t-o 
the above rtiaetions, towards tin* (‘nd of tlie proet*ss tlu^ following also (some 
into play 

.rPhO f SiO., .rPhO'SiO., 

.rPhSCb 4 Sitb - .rPhO -SiOl + 

(laSO^ f- SjOl CaSiO., i S<).„ 

and, in the (krrnieluiel-Iiradford preieess in particular, it is chiefly the last of 
th(‘8(*. reactions whi<‘h so raisins tin* percentage of sulphur in the gases evolv(*d 
as to render the manufacture of sulphuric acid economical. 




the metallurgy or lead. 

TT +Kat calcium ferrite begias to be 

Tbe fact demonstrated by o ^ temperature of only 1 = 0 ^ 0 °, and 

^ rv^pd bv tbe action of JeeOs ^ ^„„T.iTia upon tbe pot-roasting of lead ores 
formed by ^ 050 °, bas some bearing P . Lefore roasting, as is now a 

S to sai»‘» of le^, preve«« p“*r. 



Q have Deouixio -^ . 

^meration before ™\“":t’ 7 r/!o be pot-roasted and agglomerated prior 
+lTPTefoiC 5 wticli ^ I V>last; fiixu^jCe. iij is fs^x moxe 

rich j a ^0 tbe general smelting ratber than with so much silica, 

to being iem with fine iron ores ^^tber Jban Pertusola bas 

. sphere to Mexico, Spam, ausu \ . country. It comprises 

extended its SPJ®^ , ^ almost every ^ smera ^ 
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as bas admixture of lime ^nd ^ of various types, 
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the charge, t^ .-pga^fion losses arc j of tbe operation tbe 

receive it, breaks up ^ j.ilf.ff., .Tan. 1909, p. 09. 
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Up by wedging and sledging. Tke time taken to blow a charge varies, partly 
owing to its size, partly owing to its composition, and partly to the form of 
the pot, between five and eighteen hours. Owing to the oxidation of lead 
and iron in the charge, and to the fact that the residual sulphur is in the 
condition of sulphate, there is a considerable increase of weight in the pre¬ 
liminary partial roasting in the furnace; but with the expulsion of practically 
all the sulphur as SO3 comes a reduction in weight, and the finished charge 
weighs less than did the original. 

The conical cast-iron pots of the original H.H. process held little over a 
ton apiece, but these were soon enlarged to a size holding to 2 tons, which, 



Fig. 64. 


made of wrought-iron plate, is a very handy pot for hand-working with cheap 
labour. Pig. 64 shows such a pot in use at Laurium, the capacity of which 
is about 2 tons. 

These small pots, however, are rapidly becoming obsolete for works 
handling large tonnages, especially where labour is dear, being replaced by 
much larger pots holding 8 to 10 tons. Fig. 64 ^ shows a form of pot in 
use at some Continental plants, which holds 8 tons of average ore mixture. 

At Penarroya, six large revolving calciners of the Heberlein pattern serve 
to prepare the charges for the roasting-pots or converters. Each calciner 

8 







114 


- THE METALLURGY OE LEAD. 


handles 54 tons per twenty-four hours, consisting of 40 tons of galena and 14 
tons of ‘‘ fluxes/" composed of slaked lime and crushed iron ore in varying 
proportions, the mixture having been previously made up in convenient beds. 
The hot calciners from the preliminary roast are received in iron waggons and 
dumped into the conical pots, of which there are 70, holding over a ton each. 



Fig. 64 a.— 8>ton Roasting-pot. 

Above the hot charge is added cold half-burnt portions from previous chargen 
well damped down, and blowing with a light blast lasts from to 4 hours. 
About one-half to two-thirds only of the roasted material is in the form of 
agglomerated lumps, the remainder being fines. 
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At tlie works of tlie Tasnumia Smelting Coy., Zeehan,'^ twelve 2-ton conical 
converters of plate iron, 5 feet (> inches in diameter by 5 feet deep, hung on 
trunnions, and turned by hand gear, serve to treat the partially roasted 
mixture of gahuxa, limest(>n(\ and slag-forming material from two mechanical 
roasters of 15 feet diaineter, tlu^. air pressure employed at the finish being 
17 ozs. per S(|uare inch. 

At Cockle (‘reek simihir convcn*tei*s are in use for treating the roasted pro¬ 
duct of the (h)dfrey roastt*rs, which a.re fed with a mixture of fine galcuia 
<',oncentrates, lime, and silic(H)us ore, so made up as to yield a. jxroduct with 
Pb 20 to 25 p(‘r cent., ('^a.O (> to 9 per cent., SiO., 20 percent., and S 61 to 8 per 
<*ent. The blow lasts liv(‘, hours, and tlu‘< air ])ressure at the finish reaclies 
20 ozs. 

At Port Pirie a battery of 17 (‘.onvtnters haaulh's tlu'. roasted ore mixture 
from the fiv(‘. Ropp furnacuvs mentioned in (tmp. v. tlie convertcu's are of 
cast iron, cast in B(‘gnumts, and hung on trunnions, tlu'.y measure 8 feet in 
dianuhcT and 6 feet d(‘.ep, and tin' charge*, for (*a.c‘.h is 8 f-ons. At 2 f(*.et from 
the bottom a ])erfora.te*d plate with n. short (‘.one upon it S(‘.rv(\H as a. wind box, 
and the hood has a h*h*s(*opic. pipe to allow of ra,ising, by means of a, blo(t< 
and tackle, i.o allow the* conv(‘rt(‘r to be*, tippc'd. The blowing laHi.s four hours 
with air at 24 ozs. pressun*, and tin*, sulphur contemts of the a.gglomeratt‘.d 
ore are reducial to alnnit 3 pxa* C4*nt. 

In Am(‘ri(‘an works, according to Inga.lls,'j‘the standard-sizt'd (;onv(*rtor is 
a”nearly hemisplierical pot, 9 hu't in diameter and 4 feet d(u*.p, 21 inclu'.s 
thick a.t the bottom, thinning oil to U inc.hes at the rim, supportod on trun¬ 
nions, and having a. fi-inch blast ]>ipe at the bottom, a,hove wliich is a cinailar 
iron grate, 6 f(*(*t in diaixnt(*r, :| inch thick, and providc'd with f-inch hoicks at 
2-in(*h centres. Such a pot holds about 8 short tons of an ore mixture 
w(*ighing 166 lbs. perctibic foot, and containing, sa-y, 17 pt*,r cent, sulphur, whic.h 
is roasted down to 3 i.o 5 pen* cent., in a p(‘riod of 12 to IB hours. Each con¬ 
verter re<|uir(‘H about U)0 cubic f(*(‘t of air per minute, tin*, pressure varying 
according to tin*, stage of the proc(*sH, but supposing a maximum of 16 ozs., 
the total powt‘r rcapiiri'd for a battery of six pots trt^ating 72 short tons of 
charge mixture, or, say, 58 short tons of ore pc^r day, woxild only be 21 JLP. 
The cost of th(^ converting [)rocc*HS on tlu^ above basis is approximately as 
follows 



H. 

n. 

Labour 3 Fortauen at 13/4 per Hhift, 

40 

0 

,, 9 Men at 10/6 „ 

94 

6 

Powcr-2I H.P. at, Hay, 1/3, . 

26 

3 

BupplicH—Repairs ami reru'wals, 

21 

0 

Tot.al e.oHt on 72 short tons charge^ 

. 181 

9 


This s equal to 2h, 6d. per short ton, or 2h. 9|d. pet loxig ton ; on the original 
ore it amounts to practically 3 b. 6d. p<‘.r ton. Idie total cost of fluntington- 
Heberlein treatment up to the point of delivxming tin* agglomerated material 
to the smelting d{.*partmtmt is approximately as follows :~ 

* U. Clark, K and M. J., Oct. 20, 1904, p. 630. 
t ITma#. Am. /.if.A’., July, 1906. 
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For Toil Chiirge. 


S. D. 

Mixing ore, lime, kc ., . , , . q 5 

Preliminary roasting, ... .30 

Delivering to eonvorters, . . . 0 (> 

Converting as above, . . . . 2 10 

Breaking'Up prodiust, . . . . 2 3 


9 0 = 11s. 3d. per ton ore. 

This is quite us nuu*h as tiie (a)st of plain roasting in hand-worked reverber- 
atories, or perhaps a little inorc^, but, as has been already seen, the product is 
in a very nuicli ladder condition, and the losses from volatilisation and dusting 
are much lower. 

At East ilelcHU (Mont.) Ctxmr d Alene concentrates mixed with other ores 
down to an average lead <*.ontent of 40 per cent, are roasted in twelve Godfrey 
roasters, and the resulting half-roasted material with 25 per cent, lime is pot- 
roasted in larga*. 11. If. conical pots, tliis combination of Godfrey roasters and 
H.H. pots b(‘ing preferred to all others. Nearly all the lead concentrates 
are thus roastcal, bec4iUBt^. tlu‘ use of raw concentrates in the blast-furnace 
charge is found to increase tiu‘ matte-fall, and make foul slags. 

The CarmiohaehBradford Proces8.*~Thc essential points of difference 
between this process and Huntington-1Icbcrlein are two—-namely, the 
omission of a preliminary partial roast and the use of gypsum instead of lime. 
Part of the sulphur (uuitents of th(‘ gypsum as well as of the ore is driven olf 
by the blast, and as a conBecpiem‘e the fumes arc richer in SOjj than those of 
the H.H. pro(H‘8B, and tluy ar(‘, advantageously utilised for the manufacture 
of sulphuric, acid. It is not oftmx that a cheap supply of gypsum can be 
found in the neighbourhood of lead ores, and, therefore, the scope of the 
Carmichael-Bradford procc^ss is sonuavliat limited, but it has proved very 
useful at Broken Hill, altlioiigh at the time of writing it does not appear to 
have entirely Hupersc‘ded tin*. ILIL process at Port Pirie. The material 
treated at Broktm Hill is a mixture of tliree parts lead slime from the settling 
tanks of the conceniniHtxn mill and onc'. part of concentrate, with one part 
of impure gypsum, and tlu^ gencvral average composition of the (diarge mixture 
is as follows 


(klena, PbS, 


29 

Bleutk% ZnS, 


21 

PyriUfH, PcSg, 

, 

2 

Ferric oxide, FeJ 

B’erruus oxide, FuO, 

, 

2*5 


1 

Maiigiuiwcoxicle, MnO, 


5 

Ahuuina, AlJ)y,. 

. 

3 

Lime, C’aO, 


10 

Hilica, HiOg, .... 

, 

14 

Hulphuric anhydritle, BO.., 


12 

99-5 


The crude gypsum is first pulverised by a disintegrator, and then carried by 
means of a pan conveyor at a speed of 1 foot per minute through a dehydrating 
furnace^,, 20 feet long, after wliicjh it is elevated to a storage-bin on the same 
level as the ore storage-bin. Botli ore bins and gypsum bins are provided 
with screw conveyors, whicli deliver automatically the desired proportions of 
* D. Clark, E. and MJ., Nov. 3 , 1904; W. R. Ingalls, ihid,, Oct. 28, 1905, p. 778. 
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material to a. dry-mixer, from wliieli it passes to a pu^ mill with f-inch holes 
in the end, whence, the mixture, issues as semi-solid rods of that diameter. 
These, falling into a conical revolving trommel, a.re broken up into pieces of 



Front. vi(‘\v. Side (Novation (Koctional). 

FigH. tr» and (HL—(Joiuu’id arrangnnimU/ (Jarniicthanl-Bradford Pote. 



Srrlitni. Sido (dovalioii (part Hoctional). 

FigH. 07 and tIH. (!armit;ha(d” Bradford PotH. 

niarble nize, and dtdivta’tal on to a drying pan-c-onvayor, whichj driven at 
1 foot por minute through a drying furnace, 10 feet long, ho as to dry and 
set tlie granulc^H, drops tliem into the boot of an elevator, vvhie-h takes 
them to a Htorag(».«*bin provided witli shciots over the eonvertor pots. 
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X i.U 

.f 1 imw (-uiacitv. Cl fi'i'l >» ‘liii""''''''- 

The converters arc oftr'iml (>8 made (if cast inm, witlisi'paratccast- 
of the form shown m l< ' turned by means <if a worm- aiul 

iron trunmons holk^ ^ u.uler the ,,erl..rated 

hand-wheel. ,1 u l.'.tt tuns per <lay is lurmslied hy 

false bottom. Bias for ‘ll.'p.'Vm.iue. 

two Baker blowers, diiM n >. ’ ' , 1 = 1 : i|,.,.;iuse tliev esenipUfv the inetluid 

.a,pS “ aiir,';”™,,™. ...«a, ...... 

hoods over the pots <..m a n i jj jo j,,.!- |■,.nt., in whieh ease there is 

it is preferred to keep hem a a u ^ ^P< < ^ ^ 

sufacient oxygerr present t« j j,.' ,.f suliihide 

into pots to lead ohamb.‘rH <>f™ „f ..hamlier aeid, or 

mixtoe with 14 Pine are treat per annum 

7 ewts. of stumg ati . . uiannl.ieture 

35,000 tons of oriy anl 

of superphosphate. >f ™sav 7n per eeut. uf fi.e sulphur present. 

.'-r; 

cent, in.) ga^e good results 

slime (21 IfY'*;"*;, ‘ the m.emal h-ad he.UUe. material hein.i 

feomTto 11 per eent. The follmun" tahh- ahm-. ■ ..m,..,atu.« .4 the 

original materials and eonverted pmduet in eael. , a .e 


TABLB .\IV. 
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2 : 11 , . 

Fe, . . . 
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S, . . . 
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From {•;. nml M. J., tk-l, gs. p. 
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It is, liowovc^r, now found most oouveniciit to treat a mixture of slimes 
and concentrates in th(‘ proportion of 3 parts of the former to I of the latter, 
and only 25 pen* cent, of gypsum is added. 

(lost of the (Uvrmiehael-Brad ford Under Ik'oken Hill conditions, 

with unskilled labour at 7s. (ul. for eight hours, gypsum at lOs. per ton, and 
coal a,t 33s. 9d. per ton. tin* (‘ost pt‘r ton of roasting by this process is estimated 


as follows 

s. i>. 

C)‘2r> ton of gypHtim,.2 6 

Dehydrating and granulating gypwuni, . . . . 2 0 

Drying mixture of ore and gypHung . . . . () (} 

Clonverting,.10 

Spalling Hiniert'd maO'rial,.0 6 

()•()! ton of eoal, , .0 4 


lotal, . . . . (J 10 


The. pr(‘.Hent praeiietH at Port Pirie^ is somewhaX dilTerent to that above 
described, being simpler, and may be shortly dese.ribed as follows 

Th(‘. ore, togtd.luu* witli from 10 to 20 per (*ent. crushed gypsum and a 
certain amount of tumshed ironstone to assist in forming slag, is (hdivered to 
a, mix(‘r, whtaa' also it is sprayed with 4 to 5 per cent, of moisture, and the 
mixed nuiterial is taktm by irueks or a convt^yor to the cainverters, which are 
now mad<‘ n^ctangular in siadion at top, (> f(‘et long by 4 feet wideg and 
measun^ only Id incdies (ha*f) lo th(‘. grate bars (movable), below which is a 
hopp(‘r bottom and a suction pipit to the gas main. The grate bars are first 
covertal with a layer of infusible ironstone to proiec.t thmn, a,nd the charge is 
dumped into tJut eonvmder througli a wooden griddle*, witli i-incii bars a.nd 
U-inch Hpuartt spaces, througli wiiieh it is scraped, in order tliat it may fall 
lightly witliout packing. When tint (tonverter is full tlie griddle is removed, 
and tht‘ ehargt' is covered with about 10 lbs. of straw or wood shavings ; the 
air valv(' is opmual that connects th(‘ bottom of tht‘ converter with the 
suction main, froixi which air is being exhausted by ordinary rotary lilowers, 
and tlu* straw is ignited, giving lieat tmough to ignite the (diarge. 

The best results nre oldaimal by a suetion of <about 2| inches of nuu'e.ury 
( l| lbs. per sc|uart‘ inch) at- tlie (’ommencement of the blow, falling to about 
I ineli towards tlie mid of same. During the progress of tlu^. blow the charge 
bc‘.eomi‘H move porous, and (‘xposc^s less rt‘Hista.ne.t‘ to tlu', passage of the blast, 
BO that the volume of air wliieli pasm^s through inereases gradually; when 
acid is to la* mndt* it is neet\MHarv to control thi^. suction by means of valves, 
in ordm* to avoid impoverishment of ihe^ gaHC‘H, but not otherwise. Each 
(diarge takes 15 mimites to one hour to burn, sintiw, and b(K*ome cold, at tlui 
end of whicli tim<‘ the eonvi^rtcT is turned upon its trunnions by means of 
g(;ari!ig, and the sinterial c-akt* falls from (» to 7 had upon the floor, the fail 
generally suflic'ing to break it into pieces of suitable sizie for the blast furmw'e. 
The modified plant is a great improvemimt on that originally described, and 
the presmit- output, is I,fit Ml tons per wi‘ek. 

Tho Savolfiborg Procoss.f In this, the. Bimplest of all the lime-roasting 
processes, fine granulated limestom* to tlu^ amount of 15 or 20 per cent, by 

* AiMritlion Minim/ aiul Hiii/iim riiig Herit'w, Doc. H, lOOK, p. 77. 
tW. R. lnf?iilK A', am/ M. D.m. !>, l!)0r>: Wm. HnUihingR, A', and M. J., 
Out. ‘21, HKir., p. 7‘2(i. 
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weight is mixed with the lead ore, containing sufficient silica to form a slag, 
and the mixture is charged gradually in layers into a pot containing a small 
quantity of glowing fuel. The limestone appears to serve two distinct 
functions, one mechanical, in moderating and regulating the oxidation, and 
the other chemical. By virtue of its infusibility, it prevents premature fusion, 
and allows the charge to remain permeable to the blast, while at the same 
time reducing the temperature generated by the oxidation of the lead sulphide 
through its own decomposition into caustic lime and carbon dioxide, a reaction 
which is, of course, endothermic. The caustic lime becomes converted into 
calcium sulphate by absorption of SOg and oxygen, and this again at a later 
stage of the process is in the lower part of the pot decomposed by silica, the 
SO 3 liberated serving to facilitate the oxidation of lead sulphide still remaining 
in the upper part of the pot. As in all pot-roasting processes it is advisable 
to wet the charge mixture in order to prevent the escape of dust, to obviate 



the separation of the various ingredients in the charge, and to facilitate the 
production of sulphuric acid. 

The Savelsberg converters are of hemispherical form, 8 feet in diameter, 
and weigh about 26 cwts. each, the capacity being 8 tons of ore mixture. 
Unlike the pots used in a majority of Huntington-Heberlein installations, 
which are fixed in position, or movable only by a travelling crane, they are 
set upon trucks as shown in Pig. 69. 

The pressure of blast during the filling of the pot is kept low, only 4 to 
8 inches of water (say 2 | to 4^ ozs.), while, after the pot is filled, it is allowed 
to rise to 20 to 24 inches of water ( 11 ^ to 13-J ozs.). The blowing operation 
lasts 18 hours, and the agglomerated ore contains from 2 to 3 per cent, sulphur. 
One man per shift (in Westphalia of 12 hours) attends to the working of two 
pots, apart, of course, from the labour of filling and of breaking up the roasted 
mass. 

As in all the pot-roasting processes the breaking up of the roasted charge 
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presents some difficulty. At Ramsbeck the sintered cake is tipped on to a 
vertical iron bar, which breaks it usually into several pieces. 

Loss of Lead and Silver.—At Ramsbeck, in roasting by the Savelsberg 
process, the loss of lead is said to be not over 1 per cent., and that of silver 
nil. This is on a galena ore containing 60 to 78 per cent, of lead, mixed with 
U) per cent, of spathic*, iron ore, 10 per cent, of siliceous silver ore, and 19 per 
<‘(‘nt. of limestone, so tlnit the resulting ore mixture contains about 15 per 
c'cmt. sulphur and 11 per cent, silica. 

According to some experiments by Hofman,'^ the loss of lead, which rose 
to 21 ptu’ cent, with only 15 per cenh limestone on the charge, was rcduc.ed 
practically to nothing wlien the limestone was increased to 26 per c,cnt. '^^IMie 
loss of silver, on the othen* hand, which, with 5 per cent, limestone, was only 
11 per c.ent. of the total pre.sent, increased steadily with succe.ssive additions 
of lim(‘,stones until with 25 ])er cent, it reached 6 per cent, of the total present. 
With lead orr^s low in silver, however, the incireased loss in silver is more tha.n 
compensated by the diminished loss of lead. 

Recording to some c^xp ‘rirnents by the author, even rich galenas with 
78 to 80 per cent, lead can be partially roasted by this process, provided the', 
ore and limc'-stone are broken to a l-inch mesh or less, ana thoroughly mixed, 
and that can^, is taken not to let the blast pressure exceed 4 ozs. at first. The 
blowing lasts 18 to 20 hours, a-nd muc<h poking is re(|uired to ecpialise the exit 
of gases and fumes over the surfac.e of the charge. The blast prevssure risers 
to 10 or even 12 ozs. at the very emd of the operation. The elimination of 
sulphur is imperfect., from 13 per cent, in the original down to 7*8 per cent, in 
the product;, but most of this is in tlu^. condition of sulphate. The tendency 
to sinter is, how(‘,V(‘r, consichu-able, and some metallic lead is a.pt to be produced 
tlirough r(*.a,c.tion in the lower a.nd hottcu* part of the pot. On the whole, it 
is dechledly morc^. advantagtams that tlu‘. charge for blast roasting should 
be made to c.ontain a. low(*r perctmtage of lead, by admixture of non-leady ores, 
or by other nuains appropriat{^ to the ccynditions. 

Pot-roasting without Limo. > At somc^ modern American plants a 
syst(un of pot-roasting is (unploycal for mixed ores without the addition (d 
lime, but, of course, t he pc^rcentage of lead in tlu‘. ore-charge is much low(‘,r 
than in those treafaal by the lime-roasting proc.c^Bses, and the preliminary 
partial roast of ilu^. original Iluntington-IIeberlein process is retained. 

Austinf describes thc^ modas opemndi, and illustrates the plant employ(Hl 
by a section whi<*h is reprodmud in Fig. 70. Tlu^ pot is 8 feet 6 imdies in 
diameder, with detacluul hood communicating with the dust fluc^, a,nd is pro¬ 
vided with a cast-iron perforated plate having |-inch holes, tmder which is a. 
baffle platc‘ whi(di spreads the blast. 

After spreading a l>arrow>loud of ash(‘.B, I or 2 tons of hot roasted ore 
are addtal, and then tlu^ nutiaining 8 or 9 tons of damp partially roasted orc^ 
whkdi contains ld> 7 to 10 p<uM‘(mf., 8i()., 30 per c.cmt., and B 12 to bl per emit. 
The blast pressure eomnuuua^s at only | o^5., and is raised gradually to only 
4 05^H. 

At MufrapX (Utah), this process is eanh'd out on a large scale in a battery 

* Ttunh. Am. Imt. M.h\^ 4an. m07, p. 47. 

t J/m. and ScL Prenn^ xc., Oct. 27, OHIO, p. 411. 

t W. R, Ingalk, E. and M. A, Ixxxiv., Sopt. 28, 1907, p. “>74; arid Mhi, Ind., 
1907, vol. xvi., p. 656. 



122 


THE METALLURGY OF LEAD. 


of 25 pots witk spherical bottoms, each 9 feet in diameter, and taking a 9-ton 
charge about every 12 hours. The pots are of cast iron, with long heavy 
trunnions set in open bearings, so that they can be lifted bodily by a crane 
and taken to a tipping floor. A steel hood over the pot leads, by means of 
a telescoping section of pipe, to an elevated circular steel flue with V-shaped 
bottom. The charge is part roasted ore (8 to 12 per cent. S, FeO 20 per cent., 
SiO^ 10 per cent.), but the greater part is raw ore (18 to 25 per cent. S, Fed 
20 per cent., SiOo 40 per cent.); the lead is kept down to 20 per cent.', and 
the zinc to 10 per cent. In charging, IJ inches of hot coal ashes are spread 
over the grate, followed by 1 ton of hot Godfrey “ specialroast with 8 per 
cent, sulphur, which in its turn is followed by 1 ton of hot, dry Godfrey 
common'' roast with 12 per cent, of sulphur; finally, 7 tons of a damped 



Fig. 70.—Blast Roasting-pot (American Type). 


mixture of raw and roasted ore, carrying about 20 per cent. S and previously 
mixed by hand in an old pot. As soon as the surface is levelled, the full 
blast at 12 ozs. pressure is at once turned on; the operation lasts from 8 to 
14 hours (averaging 12), and the sulphur is reduced to 4 per cent. When 
finished, the pot is raised by a crane, tilted so as to pour ofi the non-agglomcr- 
ated, partially roasted fines on top, which go to the next charge, and then 
carried to the breaking-floor, where it is dropped from a height upon a plat¬ 
form of steel rails to break it. Large lumps are picked up by the crane and 
dropped again, smaller lumps are fed into a 10 x 20 Blake crusher, which 
delivers it to a double wire-rope conveyor with steel buckets, discharging into 
large railroad cars. 

The total amount of labour required by this large plant, treating 450 tons 
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per day, is only ten men per shift—viz., six on the pot-floor and four on the 
breaking-floor. 

The methods and the plant employed in the new works at Gar-field (Utah) 
are almost identical, except that the ores there are different, being mostly 
copper-bearing. The pots are in two sections, bolted together ; the charge 
is 1 ton hot McDougall-roasted concentrates with 12 per cent. S, and then 
6 tons of wetted McDougall-roasted concentrates, and is roasted down to 
6 per cent, sulphur in 8 to 10 hours. 

Blast-roasting in G-rate Furnaces. —At Cerro de Pasco (Peru)* blast- 
roasting in a thin layer is carried out in so-called “ grate ovens,'' which con¬ 
sist simply of a grating pivoted in the centre with a movable hood above and 
a stone-built bin below. Fine ore and flue-dust are delivered from different 
hoppers to a conveying-belt, upon which they are sprayed with water and 
delivered to a screw conveyor, in which the material is mixed, and from the 
end of which an elevator raises the mixture to hoppers. The grating has an 
area of 124 square feet, has holes tapered from above downwards, and is 
suspended upon a central axis, so that it may be rotated to dump the charge 
when finished. Crushed limestone is first spread over the grating, and then 
a layer of the cold wet ore and flue-dust mixture. This is ignited by means 
of a layer of wood chips scattered over the top and hot embers from a travel- 
1 ing hearth on wheels, which runs the length of the ovens. Blast at a pressure 
of 5 ozs. is turned on through two pipes passing through the hood, and the 
charge sinters from above downwards; the operation normally takes only 
one hour. The charge contains 10 to 14 per cent, copper and 20 per cent, 
sulphur, which is reduced to about 4 per cent, in the sintered product. Each 
grate oven treats about 30 tons per 24 hours, but, owing to channelling, 
the roasting is often very irregular and the sintering poor. 

An experimental plant of blast-roasters at the works of the United States 
Smelter (Utah) has a battery of low rectangular grate furnaces with fixed 
sides and sliding front and back doors. The blast is admitted below the grate, 
and when finished the front and back doors are opened, and the cake of 
sintered charge is pushed out by a ram, like the coke from a horizontal coke 
oven. No details are available as to the working of this appliance, but it 
ought to give satisfactory results in practice. 

At the Bingham Junction works of the U.S. Smelting and Refining Coy. 
a battery of 26 rectangular furnaces has been recently put in, each 6 feet 
X 6 feet X 3 feet deep, provided with a hood overhead and a perforated grate 
through which enters a blast under 9 ozs. pressure. A starting charge of 
coal and pyrites concentrate is first spread on the grate to a depth of 2 inches, 
and after this is well ignited the ordinary ore mixture is added in 2- or 3-inch 
layers, each being allowed to ignite before the next is added. The total charge 
is 8 tons, and the time required for sintering is 10 to 12 hours. The solid 
cake is forced out upon a steel boat" by means of a ram as coke is forced 
out of a by-product oven, and is then lifted by a travelling crane and dropped 
upon a steel floor to break it, the process being completed by dropping a 
cast-iron weight upon the lumps, and then putting them through a large 
Blake crusher. 

The Dwight and Lloyd Sintering Process. f—This latest development 
of blast-roasting processes appears destined to have a great future. It aims 

* Jan. 30, 1909, p. 195. t E, and M. J., March 28, 1908, p. 650. 
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is 12 feet 6 inches long by 30 inches wide, so that the effective hearth area 
of the appliance (which is the measure of its roasting capacity) is 31|: square- 
feet. The ignition box employed is a small reverberatory furnace built of 
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Fig. 71.—Dwight-Lloyd Sinturing Machine—Drum Typo. 

firii-t.iloK, luiving; n grat;(t ar(;a hO incluis by 10 laches, and burning 600 lbs. of 
coal [wr 21 hours; a line of gas- or oil-jets can, however, be employed. 
'I’he total weight of the machine without accessories is 16 tons. The per- 
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forated bottom of the pallets is formed of replaceable cast-iron grate- 
bars of herring-bone pattern having quarter-inch spaces. Cleaning of 
these grates is seldom necessary, but there is ample time for this on the 
return journey, as also for replacing grate-bars, or even pallets, when 
required, without stopping the machine. The mode of operation is easily 
seen by reference to Fig. 71a ; each pallet successively is pushed by the 
teeth of the large pair of sprocket wheels and lifted from the lower track on 
to the upper, along which it continues to be pushed by the succeeding 
pallets until eventually it is pushed off at the discharge end and guided by 
the circular guides back to the foot of the sprocket wheels. The speed of 
travel can be varied from 5 to 15 inches per minute according to the 
material; with coppery ores carrying from 9 to 18 per cent, sulphur, the 
capacity may be only 30 tons per day, and with heavy pyritic ores a good 
deal less, while with leady concentrates as much as 75 tons per day may be 
put over the machine and agglomerated. The tonnage roasted per sq. ft. of 
effective grate area thus varies from 0*6 up to 2'5 tons per day, which is 
very high compared with all other roasting appliances. 

For best results it is desirable to keep the percentage of sulphur in the 
charge mixture between 9 and 18 per cent.; ores, therefore, which contain 
more than 18 per cent, are mixed with flue-dust, which increases the porosity 
of the mixture besides reducing the total percentage of sulphur present, and 
so facilitates roasting. In any case water is added to the mixture, so that 
it will “ ball ” readily in the hand (equal to about 8 to 10 per cent, moisture), 
and so prevent its falling through the openings in the grates. An ordinary 
leadworks" mixture of fine ores through a quarter-inch screen, and containing 
SiOo 25 per cent., Fe 25 per cent., Pb 25 per cent., and S 15 per cent., is 
passed through one of these machines at the rate of 55 tons per day, with a 
coal consumption of 500 lbs. per day for ignition, and a power consumption 
of 1 H.P. for the sintering machine itself, 6 H.P. for the mixer, elevator, &c., 
and 20 to 25 H.P. for the exhaust fan, which handles some 6,000 cubic feet 
of air per minute under a vacuum of 4 to 7 ozs., the temperature of the gases 
being 100® to 150® C. The sulphur in the sintered product varies from 3^ to 
7 per cent., and the total operating cost varies from 50 cents (2s. Id.) up to 
75 cents (3s. IJd) per ton in single unit plants, being less in larger 
plants. The volatilisation loss is said to be lower than in pot-roasting 
plants, owing to the shorter time during which each particle of ore is 
exposed to a high temperature. 

It is important that the composition of the charge should be kept as 
uniform as possible, since any considerable variation results in an unsatis¬ 
factory product. 

At the Ohio and Colorado Smelting and Refining Co. (Salida, Colo.) a 
machine of this type, 30 feet long, treats 50 tons of ore per 24 hours with a 
rate of travel of 8 inches per minute (equals about 19 minutes for the com¬ 
pletion of the roasting and agglomerating process upon each 4-inch layer of 
ore). One man can look after several machines, and the total cost of treat¬ 
ment, including transport of the ore 200 feet, and of the sintered product the 
same distance, is said to be 50 cents (2s. Id.) per ton. 



CHAPTER VII. 


BLAST-FURNACE SMELTING-PRINCIPLES. 

Introductory. —When treating of the blast-furnace smelting of lead ores, 
it will be clearly recognised that in a majority of instances the pure galena 
ores, which alone are suitable for the Scotch iiea.rth and reverberatory pro¬ 
cesses, play but a comparatively minor part, and form but a small propor¬ 
tion of the blast-furnace charge, the bulk o.i' which is usually composed of 
more or less complex ores of the precious metals, particularly of silvci\ for 
which the lead plays the part simply of a collector or vt‘bicle. Even in 
Germany, the classical home of bhist-furnace snudting, the charges employial 
contain on an average not more than 30 per (amt. of lead; and in Ameri(^au 
practice nowadays the average is generally not over 10 to 12 per cent., tlu‘ 
limit perhaps having been reached in the smelting of gold ores a,t Freemantle 
and Dapto, in Australia, where the percmitagc^ of haul on th(‘. charge was as 
low as 8 to 9 per cent. 

Eoasting is an indispensable preliminary to thc‘. blust-furnac(‘ sttieliing of 
galena ores, but the importanct^. of a perha-t roaHi> has greatly diminisluHl 
since the introduction of the modcum system of fast driving, with its (mor¬ 
mons volume of air supplied through tuyeres of larg(‘ anau In the (humuin 
system of smelting with, a small numlau’ of tuyen'S of small sii^(^, giving a 
powerfully reducing efhmt with slow smelting, the whoh^ of the sulplmr 
present goes to form matte. By using a larg(‘r volunu^ of blast, howevtu*, it. 
is possible to burn off a considerable portion of tlu*. sulphur pres(vnt, and, 
therefore, an imperfectly roasttal charges or (‘.ven a mixtuim of raw and roast(al 
ore, may be employed without much increasing th(^ produc.tion of mattca* 

Although roast-reduction, th(*refori\ is thc^, typicail blast-furmuu^ proce^ss, 
at the present time both reaction and precipitation arc* in a minorj^de'gna^ 
exemplified at different centres. 

Roast-reduction predominates in th(‘ (onkmary) easc^ wluua* the h'ad or(‘s 
have been reduced pretty thoroughly to an oxidiscal condition by natural 
agencies or by a thorough roast. Lead is laaluctal to metal chicdly by tin* 
agencies of carbonic oxide and of glowing carbon ; and sulphur (;hi(‘lly forms 
an iron-lead matte, except a small portion <*xpi‘llt‘d as HO., and anothm* small 
portion carried into the slag as miv, lead, iron, and barium sulphides. Th(‘st‘ 
conditions prevail at most of thc^ grtmt lead-snu^Iting plants in tlu^ world. 

Precipitation pn^dominatc^s in tin* ex<*c*ptional ensc^ wh(*r(‘ tlu^ haul oiaas 
are charged in an unaltered sulphide (‘ondition tog(‘th(*r with oxidiH(Hl iron 
ores and other fluxes in high furnacc^s, a small volunu* of air only being em¬ 
ployed, involving a very slow rate of smelting, tog(‘th(‘r with a very high fin^l 
consumption. The atmosphere in the furnace is powerfully rcaliaing, and 

* Th(j volatiliHatioa Iohh, howtuaa*, is in Ihin ciwn much incrcasecl. 
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lead sulphide is acted upon by metallic iron reduced from the fluxes, pro¬ 
ducing a small quantity of iron-lead matte. The typical example of this 
condition of affairs is to Ix' found nt Clausthal, but it may be presumed that 
precipitation always comes into play to a greater or less extent when smelting 
is slow, and when the other (‘onditions are favourable to a powerfully reducing 
action. The practice in tln^ United States, during the eighties, undoubtedly 
involved more or less '' pre(‘ipitation.” 

Reaction invariably c-otues into play to a. greater or less extent whenever 
sulphide and pa,rtially oxidised ort^s of. lead a,r(‘ charged into the furnace 
together, and may be said to j)redominate when the ores are imperfectly 
roasted, and when flue-dust or similar ()xidis(*(l material is briquettcul t()- 
gether with fine l(‘a,d <‘oncentrat(‘s or other sulphide fin(\s. Reaction is also 
aimed at in tlu' exceptional practical, which consists in charging mixed, raw, 
and roasted ores in a c.omparatively low column into a blast funm(*.e, tlu^ 
atmosphere of which is mad(‘. oxidising by the ('xpediimt of supplying it with 
a larger volunu' of air than c4Ui Ix' burnt up by ihe cok(^ at the given prwssun'. 
Leacl is chiefly lib(‘.ra.t<xl by the nxiction of its sulpluite a.nd oxid(^. u[)on un¬ 
altered sulphide, and tlu' sulphur pres(u\i, in ih(‘ (diarge is (dutdly exjxdled as 
SOo. This pra.c.ti(a‘. in its typical form was exemplifical at the Block IJf 
Snudting WorLs\ Port A(l(Rii<l(\^ but t-o some (^xUuit naiction, no doubts 
comes into play whenwiu- a. larg(‘ increase^ in furnac(‘ capa.(uly has Ixam aimed 
at by increasing th(‘ volume of the blast, without very greatly increasing th(‘ 
height of th(‘ furmuna Wlnauwau’ an increas(‘ of capacity obtuiiuKl by this 
means without altering th(‘ <*.omposition of the charge is found to be un- 
ac‘.companied by an iucnaisial imitt(‘ fall, it is sale to reckon tluit soitie naiction 
effec.t has conu' into play, a,nd this condit-ion of affairs, though unusual, is 
occasionally naiclual at scwtnail large European and Australian lead smelt.ing 
establishnumts. 

Although, hovv(Wi‘r, precipitation a.nd reaction are always more or loss 
concerned in blast-furnac(‘ lead smtlting, tiny play a pa,rt which is, on the 
whole, distinctly subordinatt^ to th(‘- more uruvtwsal nnist-redaetam proc.t^.ss. 
The principles of blast-furmua^ smelting will, therefor<‘, be discussed chiefly 
on the mluction basis, with only incidental rcdenmc.e to such (*xc.(‘ptional con¬ 
ditions. 

ObjectB of Blast-Furnaco Smolting. Tlu^ charge' (‘.onsists, as a rule, 
of both raw and roasted ores mixed in convetiient proportions, a riiajority of 
the ores valuable' chie'lly for t lu'ir silv(*r contents being sme'lte'd in a raw^ e'.on- 
ditlon. It may contain, be'side's e)xiele, sulphate and sulphide (sejmedlme's 
silicate's) e)f haul, silver and golel, the' former eminbineHl as sulphide', or native', 
also oxide's, sulphide's anel sulpluite'S e>f ire)n, zinc, and ce>pper, arsenide^s and 
antirnonide's (arse'niate^s and antimoniate's), fre'.e-! silica and silic.ate^s of iron, 
alumina, lime', and magne'sia, bariuiti atiel calcium sulpliat.e's, and also, in the^ 
raw ores, carbonates of lime', magne'sia, iron and ziim, fiue)r8par, and other 
gangue', mine'nils. 

It is mixed witli fuel and witli appropriate', fluxe'.s and snu'lte'.d, the obje'^c'.t 
being to produce 

1. A work-h'ael ” e>r base>bullion,*’ winch shall contain as much as 
possible of the' haul, silver, anel gold presemt. 


Kow, howewer, no longe^r in ojioration. 
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2. A “matte/"' wliicli shall contain as mnch as possible of the copper, 
together with the rest of the lead, silver, and gold. 

The remaining ingredients are to be got rid of by slagging or by volatilis¬ 
ation, but when much arsenic is present an additional product is formed in 
the shape of speiss, which complicates the extraction. 

Requirements of the Ore Charge.—The ore charged should contain 
for good work sufficient lead to yield at least 8 to 10 per cent, (and preferably 
12 per cent, or upwards) on the whole weight of charge including fluxes; 
and the proportion of silver should not be more than 3, or at most 4, ozs. 
for each per cent, of lead shown by dry assay. The other constituents of 
the charge—silica, iron, lime, &c.—should have been, as far as possible, 
balanced by mixing various classes of ore, so as to produce a “ good'' slag 
with the minimum amount of barren fluxes. 

Requirements of the Slag.—The slag produced must be good, economi¬ 
cally as well as metallurgically. To be good metallurgically a slag must fulfil 
the following conditions :— 

1. Low formation point, provided that it is high enough for properly 
carrying out the furnace reactions. 

2. High degree of fluidity when molten. 

3. Low specific gravity. 

4. Low contents of lead and silver. 

1. The melting points of ordinary lead slags may vary between 1,030° C. 
(lies) and 1,273° (Balling), being lowest when the composition approaches 
to a bisilicate of iron with about 10 per cent, lime, and highest as it approaches 
to that of a pure monosilicate of iron or mixed sesquisilicates of iron and lime, 
mixtures of monosilicates of iron and lime occupying an intermediate position. 

2. When producing lead bullion with 200 to 300 ozs. silver, a good slag 
should contain, according to Eilers,* not over | per cent, lead (by dry assay) 
and J oz. silver per ton (by ordinary crucible assay uncorrected). These 
figures, however, are often somewhat exceeded as averages on the large 
scale, even in thoroughly well-managed plants. 

3. The separability from matte and speiss depends partly on the density 
of the slag (3*3 to 3*6) and partly on its viscosity. It is known in a general 
way that siliceous slags are less perfectly fluid than those of a basic character, 
while both zinc and magnesia tend to render slags pasty, but no experimental 
investigations to determine viscosity appear to be have been made; at all 
events, the author is unaware of any. 

To be good economically a slag, besides satisfying the above conditions, 
must permit of smelting as much as possible of the ore on which there is the 
largest margin of profit, with the minimum of costly flux. Not only the cost 
of flux delivered at the works has to be borne in mind, but the cost of smelting 
it, for every pound of flux added to the furnace charge means a pound of ore 
left out. It costs about as much to smelt a ton of flux as a ton of ore, there¬ 
fore great attention should be directed to utilise as far as possible the various 
kinds of ore available, so as to mploy as little barren flux as possible, and 
that of the cheapest kind. 

Fluxes.—The fluxes used in the lead blast furnace are :— 

1. Silica in the form of siliceous silver ores, used only for basic 
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ferruginous ores. This is not usually spoken of as ‘‘ flux/" that name being 
reserved for basic fluxing materials, and (in Colorado) for the lead ores which 
are added to siliceous mixed ore charges. 

2. Iron Ore (also manganese ore ).—This is a favourite flux for siliceous 
ores whenever obtainable, more especially because, when derived from the 
gozzans of ore deposits, it usually carries more or less silver and gold, and 
sometimes lead. Its cost alone precludes its more universal use for simple 
fluxing purposes when not carrying any “ values."" All iron ores contain 
more or less silica, which, besides diminishing their fluxing power, forms 
an unnecessary amount of slag in the furnace. This is almost always 
objectionable, not only on account of the cost of smelting worthless material, 
but also because of the lessened furnace capacity for ore, and of the extra 
losses of lead and silver in this additional slag. 

When smelting very zincy ores which are not too siliceous, however, it is 
sometimes preferable to use a cheap siliceous iron flux rather than the more 
expensive high-grade iron ore, as the extra amount of slag formed assists in 
carrying off zinc. 

Hammer scale and fuddle cinder are still employed at Mechernich, and, 
perhaps, at one or two other places, but are far too expensive for use at 
most great smelting centres. 

It has been stated that magnetite is unsatisfactory as a fluxing material, 
being likely to give rise to furnace irregularities, but if not too fine and the 
column of charge not too low, according to the author"s experience, magnetite 
gives quite as good results as hematite. With a low charge column, however, 
fine magnetite might give trouble through getting into the slag and matte 
unfused. 

It is impossible too strongly to impress upon the novice that in the ordinary 
lead blast furnace a deficiency of iron lies at the root of most of the difliculties 
and irregularities in furnace manipulation, except those caused by zinc, and 
that the troubles caused by an excess of base (especially of iron) are much 
less to be feared than those due to an excess of silica. Lime is usually far 
cheaper than iron, both absolutely and relatively— i.e., taking into account 
its superior satisfying power, but lime in a slag cannot be run up with 
impunity beyond 28 to 30 per cent, as a maximum, while with zincy ores 
it must be kept within far lower and somewhat narrow limits, as will be 
seen later. 

It is often necessary to economise iron-fluxing ores on account of their 
expense, or the cost of roasting, if the iron flux has to be prepared on the 
spot from pyritous ores, but a pretty safe rule for the inexperienced metal¬ 
lurgist to follow is “ when in doubt or in trouble increase the iron ore on the 
charge."" 

3. Limestone .—This is the flux most widely used, the purest kind being 
the best for furnace work. Generally, however, the best obtainable is more 
or less siliceous or argillaceous, and frequently also dolomitic. Siliceous and 
argillaceous impurities are objectionable in exactly the same way as when 
found in iron ores—viz., because they bring about the formation of an un¬ 
necessary amount of slag. Magnesia, theoretically, should be more efficacious 
than lime for neutralising silica, on account of its lower molecular weight; but, 
unfortunately, the silicates of magnesia are so much less fluid at temperatures 
.above their formation point than the corresponding silicates of lime as to 
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more tlian offset this advantage when used in large proportion. The use of 
highly dolomitic limestones is, therefore, objectionable, especially when the 
charge is high in zinc, though, as will be seen later, it appears to be advan¬ 
tageous with charges high in alumina or in alkalies. 

The proportion in which lime may be used varies greatly. In the practice 
of thirty years ago (chiefly owing to the abundance of iron ores and the 
ferruginous excess carried by many carbonate ores) limestone was added to 
the charge only in small proportion, and the slags contained but little lime. 
Nowadays, on the other hand, the price of iron flux being usually higher and 
the cost of roasting greater, a large proportion of limestone is advantageously 
employed, ranging, when the zinc present is small in amount, up to a maxi¬ 
mum of 30 per cent. CaO in the slag produced. The use of lime enables- 
us to decrease the combined lead in slags (i.e., to decompose lead silicate), 
and also by lowering their specific gravity, allows of a better settling-out of 
the superseded shots of matte and lead, so producing cleaner slags than 
could possibly be arrived at when iron was the only base employed. More¬ 
over, as already stated, a given weight of lime will neutralise more silica than 
will the same weight of ferrous oxide, so that a given quantity of silica in the 
charge produces a smaller weight of slag with smaller losses of lead and 
silver. Limestone, therefore, irrespective of its lower first cost, is in most, 
cases the most advantageous flux. 

Slags from the same or a distinct operation are frequently added as flux 
with one or more of the following objects :—(1) To recover lead or silver 
contained in them; (2) to open up a fine dense charge and prevent it from 
clogging the blast; (3) to add some basic or acid constituent in which the 
charge is deficient; and (4) simply to promote fusion of the charge. 

However well a furnace is running, some slag will always be produced 
containing shots of matte or speiss, or otherwise too rich to throw away 
(so-called “ foul slag ”); this will generally amount to from 5 to 10 per cent, 
of the ore charge. Slag having been already once melted is much easier to 
remelt than an ore mixture comprising the same constituents, therefore the 
addition of slag to a refractory mixture will assist it to melt more easily. 

It is a remarkable fact that up to a certain point the addition of slag to 
the ore-charge so promotes fusion and increases the total tonnage smelted 
that the additional fuel required to melt it is hardly noticeable. This may 
be partly explained by considering that the heat lost in furnace gases, jacket 
water, &;c., is not increased in proportion to the increased tonnage put through, 
and also that the first fusible slag which melts somewhat high up in the 
furnace acts as a solvent for the other slag-forming ingredients, individually 
of more refractory character, through which it percolates in its downward 
course. The fact remains that when smelting a somewhat refractory ore- 
mixture with no slag on the charge, or only a very small quantity, the addi¬ 
tion of, say, another 200 lbs. slag to a 2,000-lb. charge, provided that slag is 
fusible, will generally not call for any increase in the normal fuel charge, 
and may actually increase the tonnage of ore put through. Beyond a certain 
point, however, determined by experience, further additions of even a fusible 
slag call for a proportionate increase of fuel to melt them, and seriously 
affect the tonnage capacity of the furnace for ore. 

Use of Burnt Lime instead of Limestone.—According to Bell,* 
Manufacture of Iron and Steel, London, 1884, p. 60. 
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iDurnt lime cannot be economically substituted for limestone, even in an iron 
blast furnace, on account of the absorption of moisture and COo in the upper 
part of the furnace, which would have to be expelled lower down. Burnt 
lime was, however, substituted for limestone in one of the Ormesby furnaces 
at Middlesbrough * with very satisfactory results, owing to the saving of 
fuel oidinarily nHpiired to expel (^0.„ which forms 40 per cent, by weight of 
the raw limestone. Besid(‘s a saving of something lik(‘. 7 per cent, of the 
coke, bettm' i\ duction was obtained, as shown by tlie less loss of ii'on in slags. 
Tlu'. advantages should bi‘ (‘ven morc^. evident in llu' case of lead furnaces, for 
the descent of the burnt linu‘ from the charging floor to the rcaluclion zone 
is too quick to admit of much a,bsorption of (X).„ while the reduction and 
fusion zone's e)f a, Imd furnaea' are se) restriede'd tluit there' is a very le'al loss 
of f empewature' arid fue'l in de'eaunpeising lime'steuu' in the' furnace. Ace'ording 
to Le (4ia.te‘lien*, caleaum carbonate' re'ejuire's a te'mperature of 812® for its 
decomposition, and it is prt'tly ea'rtain that this temiperature' would not. bei 
reache'd until the lime'stone' was nea,rly down to the', top of the jae‘kets~?'.c., 
<‘le>se to the sme'lting zeme, where all the' heat oi the fue'l is re'e|uired for iron 
re'.duetion and slag formation. 

Ae'e'ording in Brethe'rtem,*)* burnt lime' was use'd inste'ad of limestone at 
the American smelt-e'r (Le'adville', (V)lo.) freun 1885 to 1893, with the re'sult 
that the furnae’e' ran faste'r, the slag was hotte'r and cleainer, and fe'.weu* wall 
aecretions we're forme'd. Other me'tallurgists who have tried burnt lime 
have' fenmd diflieultie's due' to its friability and pulveruU'nt condition whe'u 
pari-ially slake'd, and it. wemld se'e'm that it is eBsentia.! for the linm te) be 
(a) fre'shly burnt, and {h) in large lumps of, say, 5 tei (1 inelu'S in longe'.st di- 
memsieuL When tlu'se' (‘onditions can be' sahisfu'd the advantage's of burnt 
lime weuild se* m to he' as fe)lI()WH r** (I) Nei e-rushing or sledging leepiirexl; 
(2) saving eif fue'l owing to absence eif re'ac't-ion betwe'c'n the' expe'lled 00., 
and carbon ; (3) incre'ase' e>f furnae-e capacity for ore proportional to th<‘. 
differe'ue-e of we'ight*; (4) ne> loss of lu'at in smelting zone, the're'fore h tier 
and (deant'r slags; (5) h'ss total e|uantity of gas producc'd in furnace, there-” 
fore U'ss veilatilisation loss ; and (b) possible' dire'ct actiem of the porems lime 
in uppe'r part of the' shaft upon sulphides of Zn and Bb volatilised from 
sme'lting zone', with feirmation of (hS and diminution in the', amount of wall 
ae'cre'tiems forme'd. It is tei be* ne)te*el that in seune' few cast's the' saving in 
freight eaiuse'd by the' less we'ight. might, pay for tlu' cost of burning.’’ It 
would probably be' eliflieult, howe'vcer, te) readise' any advantage from the', 
e'.mployme'nt of re'ady-burnt. lime', e'xe-e'pt in a dry climate', and where the' 
limekilns we're' in close' proximity to the furnaces. 

FUELS EMeLOYEI). 

The fui'ls be'st. suite*d to blast-furnaee' tre'atme'nt are coke and charcoal 
either use'd toge'the'r or se'parately in various proporiiejna. Coal and wood 
have' be'.en trit'd as partly re'plaeing coke, and the' result of experiments in 
their use' will be' (h'taile'd, but, ge*nerally spe'aking, it may be stated that the 
drawbacks to thc'ir use' are—First., that their (‘.oking in the upper part of 
th(‘. sme'lting zone* absorbs he'ut just wlu're' it is most wante'd, while, tending 

(^(Kdiraiic, Joum, /. a/a/ A’’, luni*. May, IH98; iiIho K and i/. «/., vol. Ixv., 
Juno 25, LSUH, p. TOO. t A’, and J/. «/., March 5, 189J. 
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to heat the charge near the top, which should be kept e.ooL Heeoiul, that 
the sudden changes in volume, due to the progress of the earbonisation 
(especially of wood), and the increase in the quantity of gasi^s givi*n olT, t.eiul 
to increase the volatilisation of lead and generally to cause irn‘guiaritit‘s in 
the furnace working. 

Coke and Charcoal.—Comparing coke with charcoal it is to b(‘ nottal 
that, on account of the tendency of all lead compounds to sintm* togtdluu’ 
at a low temperature, comparatively little reduction can b(‘ (dlVcttai by CO, 
and actual contact of molten drops of oxid(‘s and silicat(‘s with massc's of 
glowing fuel has principally to be depended upon. Sinc(‘ ( '( thend'or(\ plays 
but a small part in the economy of the furnata', thi‘ find should b(‘ bunual 
before the tuyeres as far as possible to 00.,, so as to giv(* out as imudi litait 
as possible just where it is most neexh'd ; at the sanu' t.inu% tht‘ portion of 
the charge above the smelting zone should b(‘ k(q>t as cool as possiblt‘, so as 
to prevent the COo from being converted into (H) by taking up (airbon 
according to the reaction COo + f-' = with conseifiumt wustt‘ o( find 

and loss of heat. 

Coke fulfils these conditions miudi bett(‘r than tdinrcoal, for. owing to its 
greater density and less porosity, much inor(‘. (H)., is producenl in burning it 
before the tuyeres than is the case with charcoal; whih‘ its higlnu’ igniting 
point renders it much easier to keep the smelting Z(uu* conctuitrated into a 
narrow belt and prevent the heat from rising (with (auiseijiumt wast«‘ of find, 
increased volatilisation, decreased porosity of tlu‘ (diarg(\ and otlicr dis¬ 
advantages which follow a rise of heat), a condition spisdally liahli^ to (»ccur 
when charcoal is exclusively used. 

Another advantage possessed by coke over (diarcoal is its greattu- stnmgth. 
which enables it to resist the weight of a muidi higher cidmnn of tdiargc 
without crushing; and this is important, espiadally vvlnui (bailing with 
mixtures poor in lead and rich in iron r(M|uiring mindi lime flux, for it is 
impossible to properly snndt sucdi mixtures except in a high furnaci*. 

Charcoal labours under the disadvantage's of bnaiking up in handling, and 
of crumbling or decrepitating in th.e furmuaa CrusluHl cdiarcoal is not only 
worthless as fuel, but makes foul slags and incrensi^s tin* amount of thn^-dusU 
On the other hand, charcoal has hiss ash than cokeg k(‘cps tin* (diarg(» more 
open (on account of its. greater bulk), and is more porous ; lienee wtdghf for 
weight a fuel charge of mixed coke and (duir(*oal will smedt more ore in a 
given time in a low furnacai than one compostal wholly of laike. Tiu* find 
consumption when using charcoal alone is, liowcwtn*, (‘xeeHsive, owing to tin* 
crushing which takes place, and wliich often n^acdies 3D fo tD per cent., and 
for this reason charcoal cannot be used at all ex(‘ept wit h a tow idiarge eolutnn ; 
moreover, it must be used freshly burnt, since it d(*teriorat(*s rapidlv wln‘ii 
stored. 

The common, practice among Amerhmn lead smidters in the eighties was 
to use a mixture of coke and charcoal, by whitdi, to some extimt, tin* <'om- 
bined advantages of strength and porosity W(‘re realised, tin* (uike supporting 
the charge, while the charcoal, igniting first, burnt uwav «|ui(ddv halving 
hollow spaces among the coke for the blast to piundrate. With moibwn 
high furnaces of ample size and slags ri(di in linn*, how(*ver, tin* uhi* of tdiar- 
coal has been entirely abandoned in favour of coke; sinet*, against, a possildi* 
trifling decrease in furnace capacity (offstd. by tin* inc’reaHi'd blast presHun* 
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permitted by tlie higluT* (‘harge-(‘(,)lunin), and a small increase in the quantity 
of slag formed, tht‘ use of coke, oilers, in addition to great economy, the 
advantages of (‘leaner slags and smaller amount of fiiie-dust. The coke used 
in Western America is usually soft and ashy, })ublished analyses being no 
criterion of the lattm* point, Tlius of cokes which are supposed to contain 
from 12 to 15 per (‘(Uit. ash, liki^ most, of tliosc^ from Bouthern Colorado and 
New M(‘xico, th(‘ author lias frc((ueutly found truckloads with as much as 
21 to 23 per emit, ash, and has had whoh‘ train loads averaging 19| percent. 
This has to b(‘ (‘onsidiuHal in th(‘ consumption. 

Anthraoito of goow‘~t‘gg size has \mm subst ituted by Ropp *** for part of 
the (‘oke charg(‘ of a furnace, with tin' result that when (>() per cent, of the 
coke was so nqiluctal tlu^ furnaci^ capacity was reduced by one-third, the 
working rmnaining normal in othm* respin-ts, the furnace top being cool and 
the crucibh‘ hot, wliilt' the slags wm-e clean and matte and speiss both low in 
lead. With charg(‘s containing 71 per emit, zinc, smaller wall accretions 
seemed to la* fornunl tlian wlum using cok(‘ alou(‘. 

At (\\, A.) f one~(iCth of t he normal fuel charge consisting 

of English coki‘ with 5 pen* camt. ash was nqilataal by a (‘orresponding amount 
of (hllie (non-bitumiuous) coal with 7 per cent. ash. The furnaces ran 
faster and fewen* wall accnd.ions wma^ fornual, while, the coal <‘osting only 
one-third as mucli as the cokt* replaci‘d, tlnu’e was a. considerable saving. 

BituminouH Coal <»f assorted Hiz(*H from pcai to lump has been used by 
Neill f to r(*plaet» ehareoal and part of the eoke in a mixed fuel charge of 
coke and eliunaaiL With 27 pm* emit, of bituminous caial the c.rueible kefit 
more optm, the Icaul and slug upfiminal hotter, tlie tuyer(\s brighter, and the 
slag was eleuntu’ than wlum eokt‘ alom* was uscaL Tlu‘. smoke was tiuc.kcu*, 
but thert‘ was no mon* lliU‘‘duHt on aeeount of the* furnace top bcung cooler. 
The elin,rgc‘H setthal mon* t‘vmily, and fcnvtu* zinc ac.eretions formed than with 
coke alonta 

Bituminous coal was also cmiploycal succ'cssfully by Austin § at the 
Germania Works, Salt Ijakt* (’ity, for cuglitecm months, but was abandoncal 
owing to tlie arsenical and coppcu*y ores smc^ltcal, as it was found to ineremse 
tlu^ amount of top (’nwtH formial on tlu‘. haul. At these works thc^ fuel 
charge of 14 ptu* ccuit. coke and 2 per camt. charcoal, wliicdi cost $1.33 pew 
ton of on\ camld In* n*plac<al by 9 pen* emit, cokcL 2 pen* (‘cnt, cdiarcoal, and 
i) per emit, nut coal, costing SLG7 pew ton of ore', smelteal. Austin notes 
that coal produce's a very e»xphmive‘ mixture at the', feual floor, and that it 
t('.ndH to make* the* cimrge* clt'nsm*, so ineu’eaising the', danger of this explosive 
mixture coming back into tlu' blast main. He says~(i) Tluit c.oal (‘.an only 
be profitably ustal wlien tile saving ifi prie‘e ovc'r coke', is considewable ; (2) 
that it should always be combiiu'd witli charc'oal to counte'rae’.t its density ; 
(3) that tlu* tedal fm*l charge* slunild be* from I t,o 2 per c(‘nt. nioree than witli 
e;c)ke alone : (4) tliat tlu* fee*ding Hhould be* even and eare'fully watched ; and 
(IS) tliat it should not be* use*(l wifti orc'S carrying much arsenic and (‘oppe'.r. 

Gas and Oil Fuols have* be*e*n trie*d in the* blast furnace*, nuid have* siU'ce'ss- 
fully re*phu‘eHl m inuedi as 3tl pe*r c‘ent. of t!u^ coke cliarge. The substitution 
would se'Idom be* ii fmane-ial success, anti from what will be seam about the* 
reducing cfTeets of solid eurbtm and of (’() or otlmr gase'.ouswe'ducing agent., 

* 7Vm«. A./. J/./*/., ve4. xx., p. I7L tL. ritblado, Pne, Com. 

.t Tmm. AJ.MJl, vol xx., p. 1(15, § E. and A/./., Deo. 15, 1894. 
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taking into account, moreover, the important mechanical function performed 
by a porous solid fuel in keeping the charge open, it is plain that under no 
circumstances could the replacement of solid fuel in a blast furnace be carried 
much further. 

Amount of Fuel Eequired.—The quantity of fuel required per ton of 
ore smelted is least:— 

1. With ores rich in lead and, therefore, producing less slag. 

2. With ores having a fusible gangue and comparatively free from zinc, magnesia, 
and other refractory ingredients. 

3. With coarse ore, which permits free penetration of the blast and quick running 
of the furnace. 

4. At the level of the sea, where the volume of blast required is less. 

5. In summer, when the blast, being already at a temperature say 30° to 50° above 
that of winter, the fuel required is fractionally less. 

6. In dry weather generally, when there is least moisture to be evaporated from the 
fuel, ore, and fluxes. 

It is, of course, greatest under diametrically opposite conditions—t.e., 
poor ores with refractory gangue in a fine condition, smelted at high altitudes 
in wet weather. The extreme variations in practice are with coke from 12 
to 22 per cent., with charcoal 20 to 28 per cent., and, in exceptional cases, 
even over 30 per cent. As an average, it may be reckoned that using a fair 
quality of coke with ordinary ore mixtures from 11 to 14 per cent, of coke 
will be required on the charge. 

The way in which fuel consumption is affected by altitude calls for some 
attention. A plausible explanation often advanced is that where the atmo¬ 
spheric pressure is low the products of combustion have to be discharged in 
a more expanded condition, which means that they carry away a greater 
aggregate amount of heat: the total heat units generated by the complete 
combustion of a given amount of carbon being always the same, when a larger 
number are carried away in the expanded furnace gases, fewer are left inside 
the furnace, and more coke must, therefore, be burnt to keep up the heat 
of the smelting zone. This explanation is fallacious, for although it is true 
that the expansion of the gases at a higher altitude requires slightly more 
fuel, the increase on this account is only fractional, and quite insufficient to 
account for the observed increase necessary. The real reason consists in the 
fact that the temperature generated by the combustion of a given body is 
not absolute or invariable, but depends strictly upon the number of units 
consumed in. a given time in a space of given size. Thus, a candle burning 
in compressed air not only burns faster than in air at the ordinary pressure, 
but the temperature of its flame is higher because of the increased intensity 
of combustion. If, on the other hand, the candle be burned in a partial 
vacuum, where a smaller number of molecules of oxygen can reach it in a 
given time, the temperature of the flame gets lower and lower till it finally 
goes out; deduction of the heat units lost by radiation and convection from 
the total number generated by the combustion not leaving sufficient to keep 
up the required temperature. Seeing, therefore, that the pressure inside the 
furnace produced by the blast is only a certain constant amount above the 
atmospheric pressure of the locality, it is evident that the intensity of com¬ 
bustion and, therefore, the temperature produced by the burning of a given 
amount of fuel will be less the higher the altitude; and excess .fuel must be 
burnt in order to keep up the required temperature. This explanation 
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further accounts for the observed fact that furnace capacity also falls of! 
rapidly with increased altitude. 

Tuyere Katio ” and Tuyere EfELciency.” —It is unfortunate that 
the habit of running furnaces from one general blast main, coupled with the 
use of the cheap and convenient revolving blower, the actual ‘‘ slip of which 
is seldom determined, have rendered it impossible hitherto to ascertain, with 
much approach to accuracy, the volume of air which is supplied to any 
furnace; and on this account it is not usually possible to properly investi¬ 
gate the character of the work done inside the furnace under given conditions. 

In the absence of satisfactory data as to the volume of air supplied, it 
is convenient, for the sake of comparing furnaces of different sizes, to make 
use of certain relations between the tonnage of ore smelted, or rather, strictly 
speaking, the tonnage of fuel consumed, the sectional area of the furnace at 
the tuyere level, and the total area of the tuyeres. The number of tons of 
material smelted in twenty-four hours per square foot of sectional area may 
be called, as first suggested by Lang, the “ hearth activity,'' or hearth 
efficiency ’’ of the furnace; this will be affected not only by the volume of 
air supplied, but also by its pressure. 

As no data are obtainable in most cases with regard to the volume of air 
supplied, it may be assumed to be, for any given height of charge-column, 
roughly proportional to the total area of the tuyeres. The number of square 
inches of tuyere area provided for every square foot of effective sectional 
area between the tuyeres may be conveniently termed the “ tuyere ratio " of 
the furnace. With any given size of furnace and fixed tuyere ratio," the 
quantity of ore smelted in twenty-four hours, or, in other words, the quantity 
of fuel consumed, will be directly proportional to the pressure of blast. The 
number of tons smelted in twenty-four hours per square inch of tuyere area 
may therefore be called the “ tuyere efficiency " of the furnace. The “ hearth 
efficiency of any given furnace will thus be the product of the volume factor, 
‘^tuyere ratio,” into the pressure factor, ^‘tuyere efficiency.’' These factors 
are worked out for the furnaces, details of which are given in a subsequent 
table, as well as for the furnaces smelting silver ores without lead, described 
in the volume on the Metallurgy of Silver. 

REACTIONS OF THE LEAD BLAST FURNACE. 

Keduction and Beducing Agents.—The principal reducing agents in 
the lead blast furnace under ordinary conditions arc carbon and carbonic 
oxide; under exceptional conditions sulphur, iron, and metallic sulphides 
also act as reducing agents. 

Carbon acts directly on metallic oxides at the bright red heat of the 
smelting zone, the product being carbonic acid with easily reducible oxides, 
and carbonic oxide with those which are more refractory. 

2PbO + C = Pba -H CO 2 . 

FeO + C = Fe -H CO. 

The carbon of the fuel burnt before the tuyeres at a white heat is con¬ 
verted chiefly into COo, as proved by Schertel,* but a certain proportion is 
burnt directly to CO. Of the COo formed a portion is reduced to CO by 
* Wagner’s Jahresherichfe, 1880, p. 188. 
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contact With, glowing fuel in tlie centre of the furnace. A few inches above 
the tuyeres, therefore, the furnace gases contain a large proportion of CO. 

Carbonic Oxide.—The carbonic oxide present in the furnace gasea 
mediately above the tuyeres cannot, however, exert any action till it rises 
to a point where the temperature is less than 1,200° C., because it can only 
reduce by self-oxidation to CO .2 a gas which begins to dissociate at that 
temperature. Hence the reducing action of carbonic oxide commences some 
little distance above the tuyeres. It acts by production of CO^ as follows :— 

PbO -h CO = Pb + CO.,. 

F 62 O 3 + CO = 2F60 + C02- 

The amount of CO., in the furnace gases is also increased by the decomposition 
of carbonates contained in the ore and fluxes, which takes place above the 
smelting zone. The decomposition temperatures of the ordinary carbonates 
found in smelting charges are as follows : *—PbCO.^ below 200° C. ; MgCO.,,^ 
650° C.; FeCO.,, 800° C.; CaCOg, 850° C.f 

According to Iles,J the temperature of the escaping gases from lead blast 
furnaces in good work may range up to 334° F., but the average is only 
214° F. (101° C.). Schertel analysed nineteen samples of gases from Freiberg 
blast furnaces, and found on an average three times as much CO .2 as CO, 
besides small quantities of hydrogen and of marsh gas. Some other analyses- 
are given in Chapter x. 

Conditions Favourable to Beduction. —The burning of carbon to CO 
or COo is largely influenced by the shape of the furnace and by the area of 
the tuyeres. A distinct contraction of the furnace at the tuyere zone (bosh) 
is accompanied by a much more rapid descent of charge there, and, conse¬ 
quently, by the accumulation of a thicker layer of glowing fuel between the 
liquid slag and the unmelted charge. The COo produced before the tuyeres 
in its ascent has to pass through this layer of coke, and so becomes converted 
into CO before reaching the unmelted charge. During its slow passage 
upwards through the constantly increasing width of charge, the CO has 
ample opportunity to become oxidised to CO.^ by absorbing oxygen from the 
ore which it reduces. In the case of a furnace with vertical sides, however, 
the layer of glowing coke is thinner and its temperature is lower, because 
the heat is less concentrated; the COo formed, therefore, largely remains as. 
such. 

Similarly, small tuyeres deliver streams of air, which are rapidly and 
completely absorbed by the glowing coke in their path to form CO, while 
the quantity delivered by a large tuyere is so great that the oxygen is largely 
in excess of the available carbon at any point close in front of the tuyere ;■ 
hence combustion takes place almost entirely with the formation of COo, 
which in its passage upwards through the thin bed of glowing coke has no 
time to be converted into CO. 

Another factor which influences the reducing action of the furnace is the 
blast pressure. A powerful blast forces its way to the centre of the furnace, 
where both any oxygen unconsumed on the way and the COo molecules 
formed by the combustion are surrounded by an excess of glowing carbon, and 
are rapidly converted into CO, which then rises through the charge, exerting. 

* Hofman, op. cit., p. 206. t According to Le Chatelier, 812° C. 

t S. of M. Q., vol. xvii., p. 19. 
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its reducing eflVct on the nud^illic oxides. A weak blast, on the contrary, 
penetrates the chargi" with diiru'ulty. Such portion as readies the centre 
is, of cours(\ co!iV(‘rted into (’(), but a large ])art is burnt to CO.j in the im- 
inediatt‘ maghbourhood of tiie tuviovs, and rises through the chargn', together 
with any oxygen which has (\scaptal burnirig without being reduced by tlu‘ 
fuel, in this wa>% although tluna* is nHluction in tln^ centre, oxidising etlects 
predominah* all round the shaft. 

Very small (‘hargtas again, which bring about, an intimate admixture of 
fuel and ore in tin* furnact*, iiuuHaast* the rtalucing action; while the use of 
large charges rc'Hults in fui*l and ore* rtaiching the smelting zone succcissively 
instead of togcdluu', and to that cLXtcmt is not so favourable* to reduction. 
Similarly, a- line-on* charge* hindc*rH tlu* draughty and cause's the furnace gasc's 
tobe.conic' more* thoroughly dkst*minatc'd throtigh the ore column, so exercising 
a thorough reducing nc’ticm ; whert'as with a. coarse charge a considerable' 
portion of the* Idast c*an c'scaipc* ilirough opc'u cduinnc'ls without c'xercising any 
reducing influc'ncc' cm the* bulk of the* ore, Morc'ovcr, an extreme degree of 
cmrsc'nc'HS and opc*niu'HH in tin* cdiargc' has a bad c'th'ct in ea,using tlu^ hc'at to 
rise too high in tin* furnace, wlu'n'hy not. only is there a great waste of hc'at 
in the' ('Heaping gasc's, hut the* fut'l is eonsunu'd at so great a hc'ight above* 
the tuyerc'S as to Hi'riously lowt'i* tin* tc‘mpt*ratur<* in the smelting zone*, and 
give rise* to inip«*rfe('t Hc'paraticm, growtli ed aeere'tions, and other trouble's. 

The rapidity with \vhie*h taike* can he beirnt in a furnatu* of given ar(‘a 
with tuye're'H of givt'ii Hm\ and, tln‘n*fore*, tin* rate* of Hme‘lting, d(*p(*nd upon 
the pre'SHure of the* blast; and any inere*as(* in this de*ma.nels a (’orre*sponding 
incre'ase iii the* heigltl of the e’olutmi ed charge, in orde'r to avoid waste of 
heat at the* te^p. Higli pre‘HHur<\ the‘re*fore*, and high furnace's mean rapid 
driving, (‘specially wlu'U combin<‘d with a large* tuye're are‘a. 

The* folhnving cemditionH are* faveatrahh* t(» a powerful re'diieing (‘fleet 

1. High e»f elmrge*. 

‘J. ('eintrfU’tenl ttiu'ri' /nai* fliemheHl furuiitu'H expanding upwarelH), 

.1. .Small inwvvH! 

4. Sjimll v«»lnnn* uf lilafit at a high prt'MHtire*. 

il. Small eluergeh of intHlernte'ly inn* ere*. 

Exaeily the* oppe»sit<* ccmdltioim viz., low e‘oIunin ed charge, straight- 
side'd furnace's, nut! a large muiiber ed tuyt‘r(‘H of large' are'a supplying a givat 
volume* ed air at low presHur<* t<^ large charge's ed e'oarse* material—’produce* 
an atmosphe're* whic*h may be ne'Ulral or eve'ti eixidising in its e'iTects. 

Competition of tho Oro Chnrgo. Tin* (‘omposition of various lead 
ort*B bi'fore* remsting has be*en given in Table* X., aticl Tables XV. give'.s the* 
('.ompositiem ed eerlaiii remHtiai lead cjreH ns W(*ll as of aoine*. natural euir- 
bonati* eu’es mldeal Cor eoinparmon. 

RoaetionH of the^ Ora ComponontH. Home* raw ore* being addegl to 
tlm roaste'd ori\ the eln*inie*al e*otnpewititm ed the* ore charge* Ls oft(‘n V(*ry 
complex. The* dillereiif sulmtance's present behave* as follows :~ 

Lead oxida in powder m in porous lumps is partly re'duee'd in the*. uppe‘r 
part (d tin* furnnet* diree-t to metallie le*atl by earbonie oxide. Hlagg(*d or 
sintc'red masses are, ho\ve*vt*r, impe*rmeable to the* furnace*, gases, and tludr 
realuction is emly efltaled in tin* sme‘ltiiig zone* by dire*et cemtaet of tlm drops 
ed medten eexich* with gltewtng fuel, 
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Lead silicate is uiuiilVcttMl l>y VO, ami ov(‘ii by contact with glowing 
carbon, except in tlu‘. pr(‘Si‘nc(‘ of a more stable base ; basic lead silicates 
only give up a part of tiu‘ir lead, leaving an acid silicate. This is, however, 
readily decompostHl by FeO, and at a much higlua* temperature by CaO also, 
and the FbO sed is nnluctHl to nudal by hot coke. The ierrous oxide 
acts etpially wtdl wladlna* in a fn^econdition, riMluced from ferric oxide in 
raw or roasttal or(\ or conibimal with silica, from whiedi combination lime 
will set it fre(‘ in tlu‘ snudiing zouc-^ In ordinary lead furnaces more or less 
metalli(‘ iron is nHluci‘d from its oxid<‘ in th(‘ hottest, part of the furnace in 
contact with gdowing and this iron acts as a poweadul realucing agent 

for the liberation of lead from both oxid(‘ a!id sulphide. 

In coiUKH'tion with an exc(‘SH of liirn^ or other base', the sulphides of iron, 
calcium and barium, may act as redmang ugemts. Tli(‘S(‘ sulphide's may be 
fornu'd by ivduct.ioii of tludr n'spi'ctivt' sulpha,te's e)r l>y tlu' a,ction e)f pyrite^s 
on the base's, and tlu'ir moth' of action is as follenvs :. 

i 4 ra() I -I- 2S()2. 

Lead sulphide is ahed upon in the hotte'st part ed tlu' furnaee by nu'tallic 
iron, or by mixture's of fe*rrous silicate's with carbon, and reahKHul to medal 
with formation of b'rrous sulphide'; but the re'actie)n is ue've'r ce)mpl(‘te, some 
lead always rt'inaining us sulphitle' in the matte'’■ ■ 

•iPhS I . (! ph t phS. Kt'S i CO. 

I?erey give's* an c([uatii)n, ace-ording to which the' pre'seruu'. e)f carbon is not 
neeu'ssary to tlu* re'eluction e>f PbH by me*aus of iron silicu-te, thus, 

:K-*Kc(c sio.^i i fd‘hs 4Fro.:}Sio^, ^ 'JiPhs, tvs) f aih i vSOg, 

the monosilicat.t' bt'coming a st'seiuisilicate' which has no furtlu'r atdion upon 
PbS. At a higlu'r te*mp<‘rat.ure' more' le'ad can be (‘xpe'lh'd from the matte 
by the actiem of frt'sii inm, se) that the' proportion of lead in the' matte varie'S 
almemt e'niin*ly with t!u‘ tempe'raturc'. lie*rthi(‘r stated that lime' also reeduced 
le'ad from its Hulphieb*, but, ace-endiug te^ the* expe'rime'nts of Jordan,f the^re 
is no aciiem be'iwe't'n tin* two bodh's at any temperature*, wlu'ther in picsence 
of carbem e>r imt. 

A ce'rtain prt»portiem of h'ud is fdways libt'rate'd from le*ad sulphiele^ above* 
the! snu'lting zeau* by reaiedion with eaxieh* and sulphate*, ae'ea^rding te) the* 
characie*riHtie* e*e|UHti(mH givem in Cluip. i. In Home*, eaise's this renudaon may 
bet'.omt* ed the* ve*ry highe'Ht impeu1ane*e*, and nt*arly tlie*. whe)l(' e)f the sulphur 
pre'sent in the* charge*, e*ve*n whe*n amenmting to 8 or U) per cent., may be* 
expe'lh'd as HO., almost wit!u>ut any formation e)f matte*. The* e'onditious 
upon wlne*h this rcactiem ele‘pe*nds have* beH»n alre'ady te)Uedie*d upe)n in this 
e'liapter. and will la* furtlu'r disenmneHi in c(>mu*('tiem with the* de'sewiption of 
Block 14 (Fort Aele4aide)4 

Finally, tt'ad Hulphielt! may be* rt*eluccd to me'tal by the elire'ed aedbn of 
zinc vapours (th<*msclve‘rt arising freun the re‘eluedieai e)f eexide in tu)nta(‘.t with 
emrbon), prcKlueang zim* sulphieb*. 

It is te^ be* iuit4‘tl that memt <d the* lemd lost by vedatiliHatieen is in tlm con¬ 
dition of sulphide*, as shown by the* analyses of lc*ad fume! from blast furnace!s 

* Mrktiiurgt/ c/’ Lmd, p, . tQuote‘d by Ida’cy, o/h reV., p. 

r. Chap. xi. 
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run with a cold top; and this is only natural when we consider that lead 
sulphide volatilises rapidly at a temperature of 8d0° C., which is far below 
its melting point. 

Lead sulphate behaves in several ways. Usually the largest part reacts 
upon lead and other sulphides above the smelting zone, liberating metallic 
lead and SOo. Another portion is probably reduced to PbS, and a third 
portion, in contact with free silica or with acid silicates, is converted into 
lead silicate; the lead sulphide and silicate thus formed are acted upon as 
above described. 

Ferrous carbonate is reduced to EeO with expulsion of COo at, according 
to Le Chatelier, a temperature of 800° C. 

Ferric oxide and magnetic oxide are reduced by CO to FeO, which com¬ 
bines with silica to form the basis of a slag. In the smelting zone, part of 
the iron is still further reduced to metal, which then decomposes lead sulphide, 
as already explained. 

Ferrous sulphate and basic ferric sulphate can hardly exist in large pro¬ 
portions in a roasted ore, but when present are decomposed to Fe^Oj^ and SO.^. 

.Ferrous sulphide melts at 925° C., and in an ore charge chiedy runs through 
the furnace unaltered; a part of it, however, may undergo the double de¬ 
composition with lead silicate, already described on the preceding page. 

Pyrites, FeS^.—It has been sometimes supposed that pyrites, when added 
in the form of raw ore to the furnace charge, consumes an equivalent quantity 
•of metallic iron, according to the equation— 

FeS 2 -4- Fe = 2FeS. 

■Generally, however, it is reckoned with more reason that one atom of sulphur 
is given ofi in the upper part of the furnace, FeSo thus becoming FeS. Ac¬ 
cording to the experiments of Valentine,* pyrites does not give off as much 
as one atom of sulphur when heated in a current of furnace gases (N, CO, 
COo). After one hour's exposure to a temperature of 678° C. the residue 
still contained 37 per cent. S, showing that only a little over one-third had 
been volatilised; the greater portion of this, moreover—^viz., 12 per cent. 
(23 per cent, of the total sulphur present)—was expelled in the first ten 
minutes. It seems probable that with charges rich in pyrites about three- 
sevenths of the S would be expelled at a temperature of 500° C., or sufficiently 
below that at which Fe^Ojj begins to be reduced to metal, and that, therefore, 
iit most only about one-eighth of the total contained sulphur has to be reckoned 
as consuming reduced iron to form matte. 

According to Henrich,t pyrites may act directly upon lead sulphate, just 
as in the experiments of Percy it was found to act directly upon PbO. In 
the case described, so-called carbonate ” ores (consisting chiefly of anglesite) 
were smelted direct with pyrites containing silver, and very little matte was 
produced, most of the sulphur seeming to be burnt to SO^. Allowing for 
the volatilisation of sulphur from the pyrites in the upper part of the furnace, 
the reaction may be represented as follows :— 

2FeS + 3 PbS 04 -4- SiOa = 3Pb + 2FeO. SiOj + SSOa. 

In practice, it is found that with unroasted pyritic ores, apart from the 
mechanical condition of the charge, the amount of sulphur expelled is largely 

« ^ Desulphiirisation of iron ores, Trans. A.I.M.E., vol. xviii., p. 78, &c. 

and M. Sept. 22, 1893. 
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.a matter of blast and of tbe speed at wbicb tbe furnace is run; other 
conditions remaining tbe same, slow running generally diminishes, and fast 
driving increases, the proportion of matte produced from a charge with 
fixed percentage of sulphur. 

Manganese oxides are reduced to MnO and enter the slag. Manganous 
oxide can replace ferrous oxide in all proportions; while the melting point of 
a slag is only slightly raised by the substitution of manganese for iron,* its 
fluidity is so much increased that separation is improved, and much cleaner 
work can be done than with the ordinary iron slag. 

Church,t in smelting carbonate concentrates at Tombstone (Ariz.) to a 
314-oz. bullion, produced slag of the following composition :— 

SiOo FeO MnO CaO MgO AI 2 O 3 Pb per cent. Ag oz. per ton. 

29-60 11-56 43 *-25 7-50 trace. 6 ‘34 1-4 trace. 

He notices one defect of slags rich in manganese, which is their slight 
power of taking up sulphur and other impurities, such as speiss (probably 
also barium and other sulphides). Pearce J also refers to the oxidising 
power of manganese on blende, giving a case of a slag produced in smelting 
silver-copper ores in a reverberatory furnace which contained SiOo 48 per 
cent., MnO 30 per cent., ZnO 12*5 per cent., while 3 per cent, of Mn also 
entered the matte. He points out that the presence of a large percentage 
of manganese in the slag ensures all the available sulphur going into the 
matte, and that so long as any manganese is present in the latter the copper 
is safe from slagging. 

Chalcopyrite in raw ore loses about one-fourth of its sulphur, and melts 
down into a matte; other copper sulphides enter the matte unchanged. 

Cuprous and Cupric Oxides.—The affinity of copper for sulphur being 
greater than that of any other metal, it passes into the matte, provided there 
be sufficient sulphur present; otherwise it will be reduced to metal and alloy 
with the lead. In order to get a perfect separation of copper in matte, how¬ 
ever, the slags must not be too ferruginous, for with very ferruginous basic 
slags some of the sulphur is taken up by iron in the slag, and an equivalent 
proportion of copper goes into the lead. When running on coppery ores, 
therefore, slags fairly high in lime give cleaner lead. 

The formation of cuprous sulphide from the oxide may take place in two 
ways. Either the oxide may be first reduced by CO and carbon to metal, 
which then acts upon ferrous sulphide, or a double decomposition may take 
place direct with the ferrous sulphide without previous reduction, according 
to the reaction :— 

4CuO + 2FoS + SiOo + C = 2 CU 2 S + 2 FeO . SiO.> + COo. 

If the copper oxide is first reduced to metal, the reaction may be— 

2 Cu + 2 FeS = CuS + Fe . FeS. 

The metallic iron liberated and dissolved in the excess of FeS is at once 
disposed of by reaction upon lead sulphide or upon ferric oxide. Some have 
supposed the existence of a subsulphide of iron with the formula FeoS, but 
no definite body of the kind has yet been prepared, and the principal reason 

* Hof man, Trans. A.I.M.E., vol. xxix., p. 711. 

t Trans, vol. xv., p. 612. t lUd.^ vol. xi., p. 59. 
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for assuming its existence is that the sulphur in lead mattes is frequently 
insufficient in quantity to satisfy the metals. On the other hand, metallic 
iron is sometimes found in mattes, and it is more reasonable to suppose that 
it exists dissolved in the hot matte,* just as copper undoubtedly exists dis¬ 
solved in the regulus known as pimple metal"" when hot, though it separates 
out on cooling. 

Arseniates are partially decomposed by heat, especially in presence of 
pyrites, the arsenic being to a small extent volatilised as AS 0 O 3 , but chiefly 
reduced to arsenides. In small proportion these arsenides are carried away, 
partly into the slag and partly into the matte (a trace only entering the work- 
lead) ; but when the proportion is at all high an iron speiss is formed, which 
contains notable amounts of Pb, Cu, and Ag, and from which these sub¬ 
stances can only be recovered with difficulty and at some considerable expense. 
Such portion of the arsenic as may become volatilised carries with it into the 
fume both lead and silver, thus increasing the volatilisation losses of these 
metals. If, however, any great quantity of arsenic is present, most of it 
combines with metallic iron to form speisses of various compositions, the 
most common being Ee 5 As .2 and Fe^Aso. Arsenic in a smelting charge, 
unless very small in amount, should be calculated to Fe^As.,. 

The formation of speiss, however, depends largely upon the reduction of 
iron. With the low charge column and slow speed common up to fifteen 
or twenty years ago, arsenic, whenever present in any quantity, invariably 
formed a speiss, owing to the excessive degree of reduction then practised. 
Nowadays, however, it is recognised that within limits it pays better to- 
sacrifice reduction to tonnage capacity; the lead in slags is frequently a trifle 
higher than used to be considered good practice, but, on the other hand, the 
tonnage capacity is doubled, the fuel consumption is decreased, and arsenic 
is either carried into the matte or sent into the flues. 

With highly arsenical ores it is advisable to make slags which are high in 
lime and somewhat more acid than the monosilicate type, even a sesqui- 
silicate (No, 7 of Table XVII.) being sometimes used in order to keep the 
temperature of the pool of slag above the crucible as high as possible, and 
so prevent chilling of the speiss. 

Antimony has less tendency than arsenic to form speiss, but quite as much 
to volatilise, carrying with it lead and silver; while it possesses the additional 
disadvantage of readily alloying with the work-lead, its separation from 
which introduces complications in the refining process. Antimonial speisses, 
when formed, always contain copper, and rarely much iron, unless arsenic 
be also present; they absorb more silver than arsenic speiss. 

Antimoniates are reduced to antimonides, which then chiefly dissolve in 
or become alloyed with the lead, though a portion may enter the speiss or 
matte. 

Antimony sulphide behaves in the main like lead sulphide, except that a 
much larger proportion is volatilised. The antimony reduced by metallic 
iron alloys with the lead, that portion, however, which is volatilised and 
converted into oxide carries away with it notable quantities of lead and 
silver. 

Gold and Silver, in whatever condition present, are reduced to metal, and 

* See a recent paper by Fulton and Goodner, Trans. A.T.M.E.^ Bull. 24, Nov. 1908,. 
pp. SO, 994. 
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alloy mainly with the lead. A smaller proportion of the silver, however, 
passes into the matte (chiefly owing to incomplete decomposition of silver 
sulphide), and a still smaller proportion into the speiss, if any is made. Traces 
of gold always accompany the silver, but the concentration of this metal in 
the lead is much more perfect than that of silver. Some silver is volatilised, 
but the amount is usually inconsiderable, unless haloid compounds of silver 
are present in the ore. 

Alumina is generally unimportant in lead ores, but often forms an im¬ 
portant constituent of the silver ores which are smelted together with lead 
ores. Its accommodating behaviour sometimes as an acid and sometimes as a 
base permits of regarding it as a practically neutral constituent of the slag, and 
as quite unimportant up to 5 or 7 per (‘.ent. Above that point its tendency 
to increase viscosity must be taken into account, although, even then, many 
metallurgists regard it as a neutral body in solution, which, therefore, does 
not require figuring as an essential part of the slag.* * * § ^ In slags which are 
exceptionally high in lime, alumina timds to play the part of an acid, especi¬ 
ally if the silica is also low. The behaviour of alumina in slags will be 
further referred to. 

Lime decreases the specific*, gravity of a slag and raisers its spechic. heat. 
Slags rich in lime, tluu-efore, separate from matt(‘. mon*. r(‘adiiy than do 
those rich in iron slags, and do not chill so quickly ; on tlu^ other hand, they 
require a somewhat larger amount of Ivwl per unit of slag made. In pro¬ 
portions up to 30 per cent., lime lowers th(‘. nudting point of f(U*ruginous 
slags without increa-sing tluur vi8(a)8ity, and thus fac.ilita.tc^H tlu^. separation of 
the molten produc-ts, a result which, needless to say, is also much facilitated 
by the decreased specifics gravity. To a limitcKl c^xtemt lime at a high 
temperature cum act dirc'c^tly on slag already formed, expelling PbO and GuO 
from their silicates, and assisting to produce', a clean slag. 

According to Bc.hn(‘ider,f lime, besidc's aeding as a strong base, diminishes 
the amount of matte', formed in th<‘ furnae*,e', and also the amount of h'.ad going 
into the matte',; this he ex])lains by the formation of (‘-akaum sulphide, which 
is carried away by the*, slag in igneous fusion. The expeu’iments rec‘,orde'.d by 
Percy J would seem to e*.ontradict this view, whicdi is, howc'ver, held by some 
experienced metallurgists, and it would seuvm to be', undoubteally correcit at 
all events as regards slags form<*d in the^ iron blast furnace',, although probably 
not as regards lead slags. 

It is probable that, wht'U iron ore', or ])yriteB and calcare'.ous material have 
both been employed in making up the', charge for blast-roasting, the resulting 
produe*,t will c.ontain mue*h c.ale*ium ferrite, GaO . Fe./).,, whiedi, as shown by 
Hofman,§ commence^s to format 1,1(K)‘'C., and nu'.lts at 1,250'' C. This sub- 

* Thin is, however, not epiite^ nafe, m the following anecdote will hIiow:—A very 
few ytMira ago one of th(» prinenpal nmelting workn in the S.W. of the United States 
was in blie habit of reseoiving from Mf^xieo an ore with about 12 to If) per cent, alumina, 
which eomponont, the ore bedng in other respeets doKiiablo, •• as not taken mueh note of 
in caleulatiug turnaec (diarges. One day, however, some of, appanuitle, the same ore 
came along containing about 40 per cent, alumina, and, without waiting for an analysis, 
it was used in making up a charge in about the usual pniportiou as if it had eionuiined 

13 per C'Utt. alumina. As a result tlm slag had to be retuovcul with a block and tackle 
insie.id of through the slag spout, for the furnaeio “froze solid.” 

t Tram. A LM,E , vol. xi.. p f)S. X MeXalliirgy of Lead, p. 55. 

§ Ihdl. A.LM.E,, Jan. 1909, pp, 69 and 70. 
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stance at its melting point would form a powerful solvent for siliceous material, 
and so much, facilitate the formation of slag. 

BLAST-FURNACE LEAL SMELTING-PRINCIPLES. 

Calcium sulphate in the ore-charge with a low temperature, strongly 
reducing atmosphere, and basic slags, may be partly reduced to calcium 
sulphide, and removed in the slags as such. Under modern conditions, how¬ 
ever, of high-pressure blast and high temperatures before the tuyeres, SO., 
is expelled, and practically all of the lime slagged as silicate, the reaction 
commencing at about 1,000° C., and being complete at 1,250° C., as shown 
by Hofman.* 

Fluorspar is not of co mm on occurrence in lead ores, but its extreme 
fluidity when molten renders it a valuable dux when it happens to occur as 
gangue matter. It possesses also the useful property of assisting in fluxing 
calcium and barium sulphates, causing them to be carried away in the 
slag in that form, and, according to Hahn,t it has a specially good efiect in 
fluxing zinc sulphide. It is possible that a portion of the fluorine in fluorspar 
is expelled in the blast furnace (as, for example, is undoubtedly the case 
when blende ores containing fluorspar are roasted in reverberatory furnaces), 
but most of it enters the slag unaltered, and decreases its viscosity. It has 
been urged that too great a proportion of fluorspar in the charge might be 
deleterious in the same way as too high a proportion of alkalies may be 
harmful—namely, by lowering the formation temperature to such a point 
as to interfere with reduction. The melting point of fluorspar, however, is 
high, and it is clearly its comparatively perfect fluidity when molten rather 
than its low melting point which gives it value as a slag constituent. 

The presence of fluorspar in ores may be detrimental in another way— 
namely, by causing determinations of silica and lime made in the ordinary 
way to be misleading. In the presence of several per cent, of fluorine the 
silica determination may be several per cents, too low ; at the same time, the 
total percentage of lime present will be in excess by several per cents, of 
that available for fluxing silica. The cumulative effect of these two errors 
in slag calculation might be serious. 

The slags at Laurium (Greece) contain several per cent, of fluorine, doubt¬ 
less as calcium fluoride. 

Magnesia in lead-smelting charges is calculated to lime, but in spite of 
its saturating power for silica, which exceeds that of lime in the proportion 
of 7 to 5, there was until recently much prejudice against the use of this base, 
on account of the fact that without raising the melting point of slags, it 
decreased their fluidity, causing them"^ to be pasty or mushy/" It seems 
to be generally recognised that magnesia in any considerable proportion is 
specially objectionable in presence of much zinc. Magnesia, however, in 
moderate proportions, is a good flux to use with barytic ores, as it keeps the 
specific gravity low without raising the melting point or decreasing the 
fluidity. One equivalent each of magnesia and baryta will practically take 
the place of two equivalents of lime, except for a slight increase in the density. 
Magnesia appears to be advantageously used together with high alumina, 


* Bvll. Jan. 1909, p. 63. t Tvans. I, Af.Jf., vol. viii., 1900, p. 269. 
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•and also witli alkalies,* in wkicli case its advantage lies in counteracting the 
tendency of the alkaline silicates to soften at too low a temperature. 

Barytes is partly reduced to barium sulphide by contact with carbon, 
and partly through the action of PeS or of metallic iron in conjunction with 
silica at a high temperature, is converted into barium silicate, which, although 
itself comparatively infusible, forms with iron fusible double silicates. The 
reactions are— 

3 BaS 04 + 4Si0.2 + FeS = .SBaSiOs + FeSiOg + 4SOo 
BaS 04 + wSiOg + Fe BaSiOg *+- FcSiOg -h ISO 2 . 

It is probable, however, that a good deal of the baryta in lead slags exists 
in the condition of BaSO.p for slags high in BaO leave a large residue of 
BaSO^ when decomposed with HCl. Such is certainly the case with the very 
basic slags of Julius and Sophien-hiitte near Goslar (Harz) already referred 
to. 

Under appropriate conditions BaS also enters the matte ; thus the mattes 
made under exceptional circumstances in the Altai for the past forty years 
have carried from 15 to 20 per cent, barium, the slags being very siliceous, 
and carrying 5 to 15 per cent. BaO. 

Baryta lowers the melting point of slags without reducing their fluidity ; 
it notably increases, however, their density, and, except in small proportion, 
therefore, may be objectionable, except when MgO or ZnO are simultaneously 
present, when it acts as a powerful flux for these oxides, assisting them to 
slag, and much increasing the fluidity of the magnesia-zinc slag combination. 

Potash and Soda, when present in an ore-mixture, usually (‘.nter th(‘ 
slag.f It has been pointed out by Carpenter J that the alkaline bases so 
lower the formation temperature of a slag as to render it viscous below 
its proper melting point, and he found that this tendency cnuld only b(' 
counteracted by addition of magnesia. 

Alkalies in a charge always increase the tendency of lead to pass into th<‘ 
slag, as was well exemplified in the case of the old slags made at Broken Hill, 
which contained about 2 per cent, alkalies, and averaged nearly 3 per cent, 
in combined lead, and by similar slags made at Frcemantle. The reason 
for the high combined lead in alkaline slags may perhaps be that the 
formation temperature is too low to admit of thorough reduction. 

Under exceptional circumstances, potash and soda may even enter the 
matte, as pointed out by Canby.§ 

Zinc oxide in the roasted ore chiefly goes into the slag, for, although 
simple silicates of zinc are very infusible, the basic double silicates of zinc 
and iron, and in a less degree those formed by zinc with lime and baryta, 
melt with comparative ease; the latter, however, arc always somewhat pasty. 
If the proportion of zinc is more than about 8 per cent, in a high lime slag, 
or 16 to 20 per cent, in a slag carrying 12 to 15 per cent, lime, it becomes 
pasty, and so heavy as not to separate readily from the matte. 

A considerable proportion of the zinc oxide escapes slagging and is re¬ 
duced by glowing carbon in the smelting zone to metallic zinc vapours, which, 
together with those liberated from zinc sulphide by the agency of metallic* 

* Carpenter, Trans, vol. xxx., p. 1130. 

tiles, E, and M, J., June 23, 1899, where a description is given of the way in 
which sulphates of the alkalies have been seen to effloresce from old slag dumps. 

XLoc, ciLi p. 1130. § E. andM. y., Jan. 1, 1899, p. 3. 
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iron, ascend with, the furnace gases and condense in the upper part of the fur¬ 
nace. The temperature at which ZnO is completely reduced by carbon is 
said to be 1,320^^ C., but reduction begins at a much lower temperature, pro¬ 
bably about the boiling point of zinc, which is variously stated at 920^ to 
1,090° C., certainly there is partial reduction at 1,100°. Part of the ziiu^ 
vapour is re-oxidised by CO^ at a temperature slightly below that at whieii 
it was reduced, and another part in contact with SOo and carbon may Ix' 
reconverted into sulphide. The resulting mixtures of metallic zinc*, oxide 
and sulphides of zinc and lead in variable proportions, which conchmse on 
the walls (the so-called wall accretions), form exceedingly tough masses moat, 
difficult to detach. If not “ barred oiiin time, they continue to grow, 
contracting the sectional area of the shaft, and interfering with its regular 
working so much as to compel the furnace to be blown out. 

Such portion of the vaporised zinc as may cvscapt' condensation is re- 
oxidised in the cool upper part of the furnace, and carri(‘,d into the iluc^dust 
a.s oxide. 

Zinc sulphide is much more objectionable than thc^. oxide, for it passes 
in much smaller proportion into the slag, and rendcu’s it much morc^ pasty. 
Tt is important, therefore, to roast blende ores wlnmever possible^, before^ 
smelting; but even if this be done some zinc*, always rennains as sulphide* 
and a certain proportion will be found in muc'.h of thc^ ore* tre*ate*d ra,w. Zinc*, 
sulphide in the charge passes in about equal proportions int.o the* slag and 
into the matte; where it does harm, not only by lowering the* spe*cilie‘ gravity 
of the latter and raising that of the former, but also by re*ndering botii pasty 
and much less fusible,* and carrying away into both matte* and slag some* of the* 
silver which ought to follow the lead. Idle* paHtine‘ss of both matte* and slag 
much increases the difficnilty of separating thean, and givt‘s rise* to the* pro¬ 
duction of quantities of foul matte-bearing slag, whie*h has t.o be* ri*-sme*lt<*d. 

Zinc sulphide is completely decomposeHl in the*. the*ore*tie*al proportions by 
iron at the melting point of cast iron (say 1,250“ (1), and de‘c*ompoHition 
begins at 1,167° C. Dcicomposition of ZnS by (*4irbon be*gins at about 1,200“ 
C. When, therefore, the conditions favour powerful realuction, soint*. of the* 
zinc sulphide is ae^ted upon by me^tallic iron in the hotte‘st part, of the; furnac.e* 
with the production of vapour of me*,tallic*. zinc*., whie*h, t.ogt‘th(*r with that 
reduced from the oxide, goes to choke up the e*.ooler part of the* furnace*. 

Zinc in large quantity, the‘.re*.fore‘, not only ine‘.re*ase‘s the* dillie-ulty of 
working the blast-furnace, owing to the pastiness of slag and mat.te* whiedi it 
causes and the wall accretions which it forms, but ae*tually incre*ase*H the* le)HHe*s 
of silver and lead in slags, matte, and flue-dust. lJnfortunate‘ly, bh*nd(‘ is the* 
commonest associate of galena and, therefore, the* two mine*ralH should be* 
as far as possible separated before the latter is Hubitiitte*d to the* Hm.e*lting 
proce^ss. To some extent this can be done^ by dre*ssing opeu’ations, but the* 
separation is at best imperfect, entailing much le)ss of lead and silver in 
slimes, besides which the blende itself commonly carries a notables proportion 
of gold and silver, and there always remains a good deal of a middle product 
containing both lead and zinc. 

It being, therefore, in a majority of cases impractic.able to completely 

* The reason for tliis no doubt is the insolubility of zinc sulplude in other Htilpliides, 
and its comparative int'usibility, which causes it to separate out in a crystalline lorrn at 
temperatures far above the 8{)lidification point of the matte, and even of tlu^ slag. 
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separate tlie zinc from the lead before roasting, a good deal of attention has 
been devoted to its separation from the roasted ore before the smelting 
operation. The various methods for doing this will be found described in 
Chap. XX. It should be borne in mind, however, that slags containing up 
to 16 per cent, of zinc, if suitably composed, can be handled without much 
difihculty,* especially if most of the zinc is in the form of oxide, provided 
that the silver contents of the ore-charge amount to less than 1 oz. for each 
per cent, of lead. With a higher ratio the silver losses become heavy. 

SLAGS. 

Constitution.—Slags are mixtures of silicates. The principal slags used 
in lead smelting are mixtures of monosilicates f in which the oxygen ratio 
of bases to silica is as 1 : 1 , the general formula being— 

2RO. SiOa. 

Bisilicates which are occasionally made in matting practice and in copper 
•smelting, and the general formula of which is RO . SiOo, are not suitable for 
lead smelting for reasons which will be seen later on. The scsquisilicate, 
however, with an oxygen ratio of bases to silica of 2 : 3 is frequently made, 
and its formula may be written 

2 RO . SiOa + I ^ f 2 R 2 O 3 . aSiOa 4- 
2 (R 0 .Si 02 ) ( 1 2(R203.3Si02) 

being regarded as a mixture in equal proportions of monosilicate and bi¬ 
silicate. Mixtures of mono- and bi-silicates in other proportions are also 
frequently met with. 

Under exceptional circumstances subsilicates, or rather mixtures of 
mono- and subsilicates, have to be made, in which the oxygen ratio of bases 
to silica is as 1 -+■ n : 1 ; n being any fraction up to 0*5 or 0 * 6 . 

Physical Properties of Lead Slags.—The specific gravity of slags has 
been already referred to. According to lies, the average specific gravity of 
one hundred good slags was 3-691, and the general average of the slags pro¬ 
duced during six years at the Globe Works was 3*36.f 

As a general rule, 3*25 to 3-65 may be considered as about the practical 
limits of ordinary lead slags. Seeing that ordinary lead-mattes run from 
4*1 to 4*9, the margin for separation is somewhat narrow. 

Crystallisation.—Most slags crystallise more or less completely in cooling, 
the crystallisation becoming more perfect as the rate of cooling is slower. 
When suddenly chilled, as in the operation of sampling (best performed by 
dipping a clean |-ineh iron rod into each slag pot, withdrawing, and plunging 
quickly into a deep vessel of water), lead slags remain in a vitreous condition, 
and are quite brittle. When cooled more slowly, on the other hand, they 
become tough and more or less crystalline. Acid slags are more glassy than 
the basic varieties, and slags high in alumina and lime remain in a vitreous 
condition longer than those high in iron and zinc; the latter element in 
particular has a strong tendency to produce stony slags. It should be borne 

* V. Chap, xi., where the i)ractice at the Broken Hill Block 14 Works at l^ort 
Adelaide is described in some detail. 

t Sometimes called imisilicatos or singiilo-silicates. 

X lies, Lead Smelting^ p. 131. 
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in mind that the crystals which develop in the centre of a cooled, slag cone 
are probably often different in composition to the crypto-crystalline matrix 
surrounding them. Furthermore, it does not appear likely that the mode 
of crystallisation of lead slags bears any important relation to their fusibility 
or to slag losses. The author has in his collection two specimens of slag 
made during the same shift in the same slow-running blast furnace, one 
specimen being crystallised in perfect cubes and the other in long a(‘icular 


prisms. Analyses of these two slags are as follows 

Cubical. 

PriHinatic 

SiOg, . 


.^6*95 

38*50 

FeO, . 


20*89 

17-OO 

MnO, . 


1 *08 

1*88 

CaO, . 


17*85 

21*70 

MgO, . 


2*04 

3 01) 

AI 2 O 3 , . 


19*74 

15*30 

S, 


0*28 

0*71 

Pb, 


0*80 

trace 

99*05 




The composition and oxygen ratio of these two slags being so similar, it. is 
probable that accidental circumstances rather than tln^ <‘xa(‘t percentages of 
lime, iron, &c., have determined the molecmlar arrang(unent and the crystal¬ 
line form of the silicates. The matter will be again referred to in camnta'-tion 
with the subject of aluminous slags. 

Melting Point.—Schertel determined the melting point of Freuberg (f(‘r- 
ruginous) lead slag to be 1,073® C. lies * (conducted sonu' (experiments on 
lead slags by the method of mixtures, using pieces of steed placiHl in. the 
slag run, and came to the conclusion that the averag(' tempt^ratun'- of slag 
from a furnace in good work is about 2,000® F. (1,094® C.). Th(^ same author 
quotes Goetz as having found the specific heat of lead slag to b(^ OTB, and 
its melting point 2,012° to 2,156° F. (1,060° to 1,180° C.), which confirms the 
above result. lies emphasises the fact, well known to all smelters, that tlie 
temperature of the slag varies to a great extent indcq^endently of the perciuif.- 
age of fuel used, a higher percentage of find by no nutans always giving a 
hotter slag. The general average temperature of the slags made at tlu‘ <Holu‘- 
Works from 1895 to 1901 was said to be 1,031° C.j' 

The formation of the final slag wdiich actually leavers tln^ furnace is a 
gradual operation, the more fusible combinations of bodies form first and 
(dropping down through the more siliceous and infusible fragnuuits dissolvi^ 
them away like water trickling through a pile of sugar or of salt. 

It might be supposed that a low nudting point would nlways b(» a most 
desirable quality, but this is by no means the (‘use. The cpiantity of fuel 
required per ton of ore is, indeed, less in proportion as the slag is more fusible, 
but (since the temperature before the tuyeres can nevea.* rise muedi above th(‘ 
melting point of the slag) both the reducing power of the furnace and tlu^ 
separating power of matte from slag are less in proportion to the low(',r tem¬ 
perature of the slag. Besides the cost of fluxes, therefore, the necessity of 
securing sufficient reduction, and a sufficiently clean sepa-ration of matte, 
interfere to some extent with the formation of the most fusibh^. slag possible. 

* S.M'.Q., vol. xvii., PI). 20-25. t lien, Lead S7)V‘ifftuj, p. 1:I2. 
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All slags when cooling pass through a more or less well defined viscous 
stage before solidifying, though, in the case of a well-proportioned slag of 
definite composition, the change from the perfectly liquid to the solid 
condition is comparatively sharp and well marked. Hence, even a good 
slag may appear thick or viscid, if the furnace is running “ cold '' from 
any cause, such as a slight deficiency of fuel or wet charges (and especially 
wet coke). In such a case it is necessary to charge in more fuel. Generally 
speaking, slags high in silica or alumina and lime are less perfectly fluid 
when hot than those high in iron ; the former also soften much below the 
melting point, whereas basic? ferruginous shigs, which are perfectly fluid 
above their melting point, sc^.t and become stony immediately they cool 
below this point. 

Eormation Temporaturo.- 'Before emtering upon a dc'.tailed (?onsider- 
ation of slag composition, referenc^e must b(‘ made to one? point whic*.h is all 
important to the practical metallurgist—-nam<‘ly, that the “ formation 
temperature'' or softening ]>oint of a. slag is often and, indecal, gcmca-ally 
quite different from the? temperature? at whicdi it hc^comes Iluid enough to flow 
freely. A very valuable? series of expewinumts upon th(‘ formation tempera¬ 
tures of slags wa,s made by Hofman,* but a casual r(d(a'(ai(?(? to the? r(?sults 
obtaine.d might be positively misleading to the inexpcTicmc^cHl metallurgist 
without due regard to this circ.umHtan<‘(‘. 

As a rule, it may be said that in the (?asi? of subsilicatc's tlu?r(? is no differ¬ 
ence b(?twcen th(‘ formation temperature? and the? true meriting point, for such 
slags pass through no transition stage? of softening, aaul a rise? of only a fe‘W 
degrees sufiiee^s for their transformation from the condition of a rigid solid to 
that of a mobile liquid. The elive‘rgeme?e% how(?ver, between formation tem¬ 
perature and fluidity point bec-omc's more? pronounc.enl with ine^re'ase in the? 
silicate degree; so that, while mixtures of monosilicates somewhat resemble 
the 8ub-8ili(?atc8 and approacdi them in the auddenne?8s with whi(?h they attain 
a highly fluid condition, mixtures of bisilicates, on the other hand, soften 
gradually, and, like glass, pass through a (condition of viscous semi-fusion 
before attaining siilliciemt fluidity to flow properly. lfree|uently, th(?refore, 
a slag of this type^ may recpiire? to be? heate^d up to 100'^ or 150*' above? its 
softening point, or (?v<m more, before? it bc?e?ome?B fluid enough to flow readily, 
or to allow of a propeu' H(q)a,ration from haul aud matter 

The diflem?n(*.e bedAveaui the* formation te*mpe*rature? and me?ltmg point is 
especially gr(?at in tlu* ease? of the silicates of lime?, as prov(?d by the? rese?archeB 
of Day and Slu?plu?rd,t who found that the? bisilicate of lime, (laO . 8iO.,, 
could be formed at 1,250'^ (!., whe‘r(mH its melting point is 1,512*^ G., while 
the monosilicate, 2(Ja(). HiC).,, could be forme?d below 1,700'*, although its 
melting point is 2,080*'’. .Hofman found J that- tlie formation te?mperature 
of both the? bi- and tri-silicates was 1,250® G., while the? monosilicate was 
formed at betwe(‘n 1,250" and In all (?aH(*s combination begins at 

a much lower temperattirc?, little? above? 1,0()()® in fact. 

In spite of the fa(?t, tht?refore, that the formation te.inpt?raturcB and 
softening points of mixturi?8 of bisilicates are* lower, tlu?y reepiire actually 
a higher degree of h(?at to over(?ome their visc-osity aaid enable? them to flow 

Tram, A,LM,E., voL xxix., p. SSS. 

•\Journ. Amer, Ohm. Nor., vol. xxviii., Nt>. 9, p. 1089 (Sept. 1900). 
tEulh A.LAi'JiJ., Jan. 1909, pp. OJ-Uf). 
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properly than do the monosilicate slags. Por this reason, coupled with the 
greater furnace losses both of lead and of silver to which they give rise, bi¬ 
silicate slags, although often met with in copper smelting, particularly in 
reverberatory practice, are never employed in lead smelting. 

Sesquisilicates, however, and other mixtures of mono- and bi-silicates 
with oxygen ratios of 3 : 4, 4:5, 5:7, &c., are often made. These higher 
silicates, although they soften at a lower temperature than monosilicates, 
require a somewhat higher temperature to make them properly fluid. Be¬ 
sides the economy of duxes, therefore, which results from their use, and which 
is, of course, the principal object for employing them, their use is desirable 
whenever a specially high temperature is required in the smelting zone of the 
furnace, as— e.g., (1) for reducing Feo 03 to Fe for use in cleaning the matte 
of a charge high in sulphur ; (2) for smelting highly arsenical ores—^the 
“ speiss produced from which is liable to “ freeze udess kept very hot. 

Formation Temperatures of Slags affected by ISTature of Bases,— 
The formation temperatures of the various silicate degrees of pure iron 
slags have been determined with considerable accuracy, and are given below. 
The corresponding pure lime silicates are so comparatively infusible that 
their exact melting points have not yet been observed experimentally. They 
have, however, been calculated approximately from the total heat units 
contained in a given weight of molten slag, and the most reliable figures 
seem to be those of Akerman,* which are given here for comparison with 
the iron silicates. 



Iron. 

Lime. 

Subsilicate, 3RO. Si02, 

1220° 

... 

Monosilicate, 2RO . Si02, . 

1270° 

1570° 

Sesquisilicate, 4RO . 3Si02,. 

1120° 

... 

Bisilicate, RO . Si02, . 

1110° t 

1512° t 

Trisilicate, 2R0.3Si02, 

. 

1460° 


There is an extraordinary difference of opinion as regards the exact melt¬ 
ing point of the pure siheates of lime, for Vogt § gives 1,250° as the melting 
point of wollastonite or lime bisilicate, CaO . SiOo, which is certainly below 
the truth. Other authors give various other figures, Le Chatelier, for ex¬ 
ample, gave 1,700°. While Akerman^'s and Stein^’s figures are probably 
nearer the truth than any others, it seems desirable that careful experi¬ 
ments should be made to determine the exact melting points of all the lime 
silicates. 

The valuable researches of Hofman 1| have thrown considerable light on 
the alterations in formation temperature produced by substitution of one 
base for another. For details, reference should be made to the original paper, 
but the effect of substituting lime for part of the iron contents of simple iron 
silicates of different degrees is well shown in Fig. 72. It is seen that simple 
silicates of iron, from the subsilicate with oxygen ratio of 3 : 2 up to the 
monosilicate with 1:1, have formation temperatures ranging from 1,230° up 
to 1,280°. Substitution of lime for part of the iron lowers these formation 

* Quoted by Peters, Principles of Copper Smelting^ p. 298, 

tG. Stein in Sprechsaal^ 1908, xli., pp. 199-201, gives 1500°-1550°, which, however, 
is probably incorrect. 

t Stein {loc. cit.) gives 1512°, Akerman gives 1537°. 

§ Richards, Metallurgical Calculations, p. 113. 

11 Trans. A.LM.K, vol. xxix., p. 683. 
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the 2 : 3 or sesquisilicate up to the bisilicate with, oxygen ratio of 1 : 2, behave 
quite difierently. With iron for their only base the formation temperatures 
of these slags are nearly alike—viz., from 1,115'^ to 1,140®—and substitution 
of lime for part of the iron at first lowers these formation temperatures by 
about 70° for an addition of about one-tenth of the slag, or, say, one-fourth 
of the FeO present. In the case of the bisilicate, the minimum formation 
temperature of all iron-lime silicates—namely, 1,030° C.—is reached when 
the lime amounts to 8 per cent, of the slag, or about one-sixth of the FeO 
present. 

Further additions of lime, however, cause a very rapid rise in the melting 
point, and the bisilicate in which three-fourths of the FeO has been replaced 
by CaO is only formed at about 1,350° C. Between 24 and 36 per cent. 
CaO, or when about one-half of the FeO in a slag is replaced by CaO, lime- 
iron slags of all compositions, from the subsilicate, 4EO . Si02, up to the 
bisilicate, EO . SiO.„ have about the same formation temperature—viz., 
between 1,160° C. and 1,200° C.—^the subsilicate being a little the lowest 
and the bisilicate the highest. Above this proportion of CaO the melting 
points of all the silicates are raised with further increase of that base. 

Ashley,* in discussing Hofmanns results, adduces theoretical evidence 
of the existence of a definite chemical compound having the formula 
CaO . 2FeO . SiOo, which he supposes to mix with FeO . SiO^ and with 
CaO . SiOo in all proportions, but the evidence for the e^fistence of this 
body seems to be slender. 

When considering all experiments of the kind, it should be borne in mind 
that the formation temperature of a slag made from an intimate mixture of 
the various ingredients in suitable proportions, although probably only a 
little higher than the melting point of the same slag once formed, may be, 
and often is, very much lower than the temperature at which it becomes 
sufiS.ciently fluid to flow readily from the furnace and to admit of proper 
separation of the molten products, the difference being most considerable in 
the case of the viscous bisilicate and aluminous slags. It should also be 
borne in mind that owing to the high specific heat of SiO^ (0*183) as com¬ 
pared with FeO (0*146) the total heat units required to melt a given quantity 
of bisilicate slag will frequently be more than would be required to melt the 
same quantity of a monosilicate slag, although the formation temperature 
and melting point of the former may be lower. Moreover, neither the actual 
melting point of a slag nor the total units of heat required to melt it are in 
practice so important from the point of view of the furnace manager as the 
density and viscosity of the slag. The density is lowered by increase of 
either silica or lime, more by the latter than the former. Increase of silica, 
however, while tending to reduce density, even if the formation temperature 
be not immediately raised, so increases the viscosity as to interfere with the 
separation of the molten products; and the fuel consumption has to be 
increased in order to superheat the slag and bring it to the required degree 
of fluidity. 

Cliemical Composition of Iiead Slags.—We have seen that lead slags 
are chiefly mixtures of monosilicates or of monosilicates and bisilicates, and 
that the chief bases employed are iron and lime. These may be replaced 
to a certain extent only by the corresponding molecular weights of other 
* Tram. A.LM.E., vol. xxxi., p. 863. 
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bases. The following table, given originally by Balling,"*" shows the pro¬ 
portions of silica required to form monosilicates and bisilicates with difierent 
bases. Baryta and zinc oxide have been added, and the figures for sesqui- 
silicates omitted, since they may be regarded as simple mixtures of mono- 
and bi-silicates in equal proportions. Any required intermediate mixture 
can be readily obtained from the figures of the mono- and bi-silicates. 

TABLE XVI.— Relative Equivalence op Different 
Slag forming Bases. 


One part by weight of 

Silica requires 

Parts by 
weight 
of Bases. 

One part by weight of 

Base requires 

Parts by 
weight 
of Silica. 

For Monosilicates — 


For Monosilicates — 


Ferrous oxide, . 

2*40 

Ferrous oxide, . 

0-416 

Manganous oxide, 

2-36 

Manganous oxide. 

0-422 

Lime, .... 

1-86 

Lime, .... 

0-535 

Baryta, .... 

5-10 

Baryta, .... 

0-196 

Magnesia, .... 

1-33 

Magnesia, 

0-750 

Alumina, .... 

1-14 

Alumina. .... 

0-873 

Zinc oxide. 

, 2-70 

Zinc oxide. 

0-370 

For Bisilicates — 


For Bisilicates — 


Ferrous oxide . 

1*20 

Ferrous oxide, . 

0-883 

Manganous oxide, 

1-18 

Manganous oxide, 

0-845 

Lime, .... 

0-93 

Lime, .... 

1 -070 

Baryta, .... 

2*55 

Baryta, .... 

0-392 

Magnesia, . ... 

0-6() 

Magnesia, 

1 -500 

Alumina, . . . . 

0-57 

Alumina, .... 

1-747 

Zinc oxide, . . . 

1*35 

Zinc oxide, 

0-740 


Table XVII., based primarily upon that given by Hofman, with some 
alterations and considerable additions, shows the composition of certain 
typical slags which have been used in practice under difierent conditions 
with good results. 

All the slags noticed have been in daily use over long periods, and it 
is local conditions—chiefly the nature of the preponderating supply of ore 
and fluxes—which have determined the adoption of one or another. Of the 
whole list, it will be seen that one only, No. 13, is a subsilicate, several are 
monosilicates, many more are between mono- and sesqui-silicates, and two, 
Nos. 9 and 21, are bisilicates. The preponderance of siliceous ores and 
scarcity or high price of fluxes may justify, in exceptional cases, the adoption 
of a bisilicate slag, but such slags always carry away a considerable 
amount of lead as silicate, besides being too viscous for good separation from 
lead and matte, and, moreover, with such slags the rate of smelting is much 
retarded. Monosilicate slags, especially if high in lime, are ideal as regards 
fluidity and separation from shots, bilt they are uneconomical of flux. There 
is a decided advantage in aiming at a composition approaching that of a 
sesquisilicate; for although, on the one hand, the fuel consumption is 
increased, owing to the higher fusing point and the higher specific heat of 
slag containing an increased proportion of silica, yet, on the other hand, 

* Comj.endi'im. der Metallurgischen Chemie, Bonn, 1882, p. 98. 
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TABLE XYII.— Composition of Typical Lead Slags. 




Oxypen 


FeO 

MnO. 

CaO 






Authority. 

ratio 

SiO-2. 

BaO 

AloOa. 

ZnO. 

Total. 

Remarks. 



Bases : Silica. 


MgO. 





1 

Eilers, .... 

1 : 1 

28 

50 

12 



90 


2 

Eilers, .... 

1 : 1 

30 

40 

20 



90 

/ ALjO^ + ZnO 

3 

Schneider,. . . 

1 : 1 

33 

33 

24 



90 

( under 7 % 

4 

Raht, .... 

1 : 1 

35 

27 

28 



90 

) 

5 

6 

Hahn, .... 
Hahn. 

1 : 1-25 

1 : 1-40 

34 

36 

50 

40 




96 

96 

? AljOi + ZnO 
f under 2 % 

7 

Murray, . . . 

1 : L50 

39 

32 

25 



96 

8 

Schneider.. . . 

1 : 1 -38 

34 

24 

30 

i’6 


98 


9 

Koehler, . . 

1 : 2 

40 

26 

16 

10 

4 

96 


10 

Page, .... 

1 : 1*4 

33 

36 

16 


7 

92 

1 AUOs 

11 

Ropp, .... 

1 : 1-3 

30 

36 

16 


10 

92 

/ under 5 % 

12 

Green way, . . 

1 : 1 

25 

33 

14 

3 

16 

91 

Also ZnS 4 % 

13 

Lower Harz, . . 

3 : 2 

17 

35 

7 

() 

20 

85 

Also BaS 04 10 % 

14 

Globe, .... 

1 : 1-23 

31 

34 

20 

6 

6 

97 

1.^ 

Mapimi, . . . 

1 : 1-U6 

28 

44 

15 

3 

6 

96 

Pb 2 ^% 

16 

Aguascalientes. . 

1 : P32 

32 

35 

18 

3 

7 

95 

17 

Monterey Ko. 1,. 

1 : 1-37 

32 

31 

19 

7 

7 

96 

Pb 1-0% 

IS 

San Lnis Potosi,. 

1 : l*o5 

34 

28 

IS 

8 

8 

96 

Pbl2% 

19 

Monterey No. 2,. 

1 : 1-0 

35 

31 

23 

3 

3 

95 

Pbl-0% 

20 

Dapto, .... 

1 : 1-3 

33 

35 

17 

5 

6 

96 

Pb 1-0% 

21 

Freemantle, . . 

1 : 2 

39 

26 

15 

12 

4 

96 

Pb 1 *75 % upwards. 

22 

Port Pirie, , . 

1 : 1-55 

25 

39 

12 

6 

13 

95 

23 

Laurium, . . . 

1 : 1*16 

25 

33 

17 

12 

10 

97 

Pb 0*8 % 


the quantity of slag produced is less, and, therefore, with the same slag 
assay the losses of lead and silver will be smaller ; besides which the higher 
temperature of the molten slag assists in keeping the crucible in good 
condition. 

In the above Table the oxygen ratio of bases to silica has been cal¬ 
culated on the basis of iron (manganese) and lime (magnesia and baryta) 
only; the other bases, zinc and alumina, being disregarded in accordance 
with the general custom of metallurgists, owing to the fact that the 
behaviour of alumina in slags is neither distinctively acid nor basic. Some 
metallurgists always calculate zinc oxide also as a base combining with silica 
and replacing lime, but this is often misleading, particularly if the per¬ 
centage of zinc is high and that of silica low ; for ordinary conditions it is, 
in the author's opinion, best to consider both zinc and alumina as not 
combining with silica, but remaining in solution as neutral, although not by 
any means negligible, components. 

Unless the proportion of zinc oxide rises above 10 per cent, the slag should 
not run below 30 per cent. SiO.j; since, in order to get it so low, ferruginous 
flux has usually to be employed, which, besides its cost, raises the specific 
gravity of the slag, and so increases its liability to carry away, not only 
matte, but even lead itself. As the proportion of zinc rises, the proportion 
of silica may be allowed to run down to 25 per cent., and with very barytic 
ores to as little as 14 or 15 per cent. In ordinary circumstances, however, 
and with most common mixtures of ores not too rich in zinc, the slags 
should contain between 30 and 35 per cent, silica. 
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TABLE XYIII. —EoRMULiE and Composition of Typical 
Monosilicate Lead Slags. 


Formula). 

SiOo. 

FeO. 

CaO. 

! Total. 

1. ‘ ‘ Quarter ’’ S.lag. 






3 [2FeO . SiOol 'I 
+ 2CaO . SiOo, / • 

* 

30-6 

55-2 

14*2 

100 


z= 

26 

47 

12 

85 

Add 5 per cent. SiOo, 


31 

47 

12 

90 

In practice, 


30 

48 

12 

90 

2. “ Slag. 






3 [2FeO . SiOo], \ 

+ apCaO.SiO.],/ 


31*4 

45-2 

23*4 

100 


.-:r 

27 

38 

20 

85 

Add 5 per cent. Si02, 


32 

38 

20 

90 

In practice, 


32 

38 

20 

90 

3. “ Three-quarter'"^ Slag. 






2FeO . Si02, 1 
+ 2UaO . SiOg, j ■ 


31-9 

38*3 

29-8 

100 


= 

27 

33 

25 

85 

Add 5 per cent. SiO^, 


32 

33 

25 

90 

In practice, 


33 

33 

24 

90 

4. 1:1 Slag. 






3 [2FeO . SiOa], ) 

+ 4 [2CaO . SiO-jl S • 


32*3 

32*3 

34’4 

100 


z= 

28 

28 

29 

85 

Add 5 per cent. Si02, 


33 

28 

29 

90 

In practice, 


34 

28 

28 

90 


TABLE XIX. —FoRMULiE and Composition of Typical Lead Slags. 


Number, 

5. 

6. 

7. 

Formula), 

3 l2FeO . 
+ 2[CaO . 

SiO.,] 

3 [2FeO . 

SiO.,] 

2FeO . SiOo 

SiO-.O. 

+ 4[CaO . 

SiO,,!- 

-t- 2[CaO . 

SiOJ. 

Oxygen Ratio, 

4 : 5. 

5 : 7. 

2 : 3. 


Theory. 

Practice. 

Theory. 

Practice. 

Theory. 

Practice. 

Si02, 

35*5 = 34 

34 

39-0 = 38 

36 

41*3 = 39 

39 

FeO, 

51-2 = 49 

50 

40*2 = 38 

40 

33-0 = 32 

32 

CaO, 

13*3 = 13 

12 

20*8 = 20 

20 

25*7 = 25 

25 

Total, . 

100-0 - 96 

96 

100-0 = 96 

96 

100-0 = 96 

96 


j Eormulse of Type-slags.—The author is of opinion that much may be 
[learned by attempting to reduce to formulae lead and other slags, and has 
V calculated in the following pages what he holds to be the probable proximate 
constituents of the slag, the percentage composition of which is given in Table 
XVII. When the ores are comparatively low in zinc and alumina, so that 
the total of ZnO, AI 2 O 3 , PbO, S, &c., only makes up about 10 per cent, of 
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the slag, leaving 90 per cent, for SiO.,, FeO (MnO), and CaO (MgO), a con¬ 
venient rnle is to calculate Si 02 , FeO, and CaO to 85 per cent, of the slag, 
adding an extra 5 per cent. SiO^ for the 10 per cent, of bases AI 2 O 3 , ZnO, 
PbO, &c. The first four leading monosilicate types calculated thus are given 
in Table XVIII. (the names “ quarter,‘‘ half,"' “ three-quarters " simply 
refer to the ratio of lime to iron, the latter being unity). 

When alumina and zinc are practically absent, so that SiO^, FeO, and 
CaO add up to 96 per cent., and when MgO and BaO are each under 3 per 
cent., combinations of monosilicates (iron) with bisilicates (lime) can be 
adopted advantageously without risk of making the slags pasty. The three 
type slags in Table XIX. are Nos. 5, 6 , and 7 of Table XVII. 

Zinciferous Slags.—When the proportion of zinc oxide is from 4 to 8 per 
cent, it may replace lime in any of the four monosilicate slags, 10 parts ZnO 
being equivalent in neutralising power to 7 parts CaO. In practice some 
metallurgists reckon that each 5 parts ZnO require the lime to be reduced 
by rather more than an equal amount, and the iron augmented to correspond. 
In this way the ‘‘ three-quarter " slag No. 3 (with SiO^ 33, FeO 33, CaO 24, 
and ZnO, perhaps, 1 or 2 per cent.) becomes No. 10 (Table XVII.) (SiOo 33, 
FeO 36, CaO 16, ZnO 7) when running on zincy ores. It is better, however, 
to diminish the silica also; thus, slag No. 11 (Table XVII.) is a very good 
one for zincy ores, its formula being 3[2RO . SiO.,] + CaO . SiO^, in which 
R is iFe iZn. In no case is it necessary to take account, as a slag-forming 
ingredient, of more than a part of the zinc, say, from one-half in charges 
comparatively low to one-third of it in charges which are 12 per cent, zinc 
or over, since the remainder is sent into the matte and the flue-dust. 

When the proportion of zinc oxide rises above 10 per cent., all ordinary 
slags become pasty and tend to form accretions above the lead. With a 
monosilicate slag, according to Hofman, “16 per cent, is the maximum of 
zinc oxide with which it is possible to run, and this very soon closes up the 
crucible," but Greenway has found that over 20 per cent, of zinc oxide can 
be run without much difficulty, provided the slag be rich in iron and that 
SiOo and CaO are kept within very narrow limits, those for the former being 
between 23|- and 26 per cent., and for the latter between 12 and 16 per cent. 
This is very easy when zinc-lead ores are accompanied by much pyrites 
which serves as a flux after roasting, but when pyrites is conspicuously 
absent, as at Broken Hill, it is necessary to use a good deal of barren iron ore. 

Slag No. 12 (Table XVII.), produced at the Broken Hill Bloch 14 Smelting 
Works, leaving out the ZnS and PbO present, yields on calculation the pro¬ 
portions 42Si02, 40FeO, 6 MnO, 20ZnO, 25CaO, and 3 AI 0 O 3 , corresponding 
with the formula of a monosilicate in which part of the silica is replaced by 
alumina, and may be written as follows :— 

20 [ 2 FeO . SiOg] -L 3[2MnO. SiOg] + 10 [ 2 ZnO. SiOg] •+• 9[2CaO. SiOg] + 3[2CaO. AI 2 O 3 ] 
or more simply, 

2[2RO. SiOsl + [2R10. (fSiOo iAlaOs)], 
in which R is fFe JZn, and is -fCa -IMn. 

Slag No. 13 (Table XVII.), made at the smelting works near Goslar (Harz), 
averages only 17 per cent. Si 02 and, neglecting the BaSO^ in solution, corre¬ 
sponds very nearly with the formula :— 

4[3RO. SiOfi] + x[KO . 
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Aluminous Slags.—According to Hahn,* alumina always acts as a base, 
hut almost all metallurgists (including Iles,t Schneider, J Henrich,§ and Hof- 
man ||) are now of opinion that it plays the part of an acid in slags with a 
low percentage of silica. As a result of his general study of lead and other 
slags, the author is of opinion that, when the silica present is insufficient to 
form monosilicate with the iron and lime, any alumina present acts as a 
decided acid combined with lime. When the silicate degree ranges from 
1 : 1 up to about 1 : 2 alumina is about neutral, and may either be regarded 
as replacing both bases and silica, or as only lightly combined with lime, 
zinc, or other bases. Above the bisilicate degree alumina acts as a weak 
base, and combines definitely with silica, probably, however, as complex 
silicates together with the other bases, and without afiecting the “ silicate 
degreeof the compound, or the oxygen-ratio of bases to silica. It may 
be noted that both in the pyroxene group of bisilicates and in the amphibole 
group alumina enters into the combination in a way which cannot be con¬ 
sidered as a definite replacement of either acid or base, but rather as a simple 
addition replacing both; since it is accompanied by no change either in the 
chemical constitution of the molecule (as represented by its silicate degree 
and the ratio of the other bases to silica), or in its physical constitution, as 
illustrated by the crystalline form and optical properties of the mineral. 
Thus, in the pyroxene group, besides the typical dio^side, CaO. MgO . 28100, 
we find augites which appear to contain in addition the molecule CaO . 
AI0O3 . SiOo. Similarly, we have amphiboles which may be represented by 
the formula CaO . 2(MgFe)0 , AloO,,,. 3SiOo. In each case alumina enters the 
combination apparently as a perfectly neutral addition, which in no way 
disturbs the equilibrium as between acid and base, the compound remaining 
as a metasilicate; whilst in such a mineral as grossularite, the ultimate 
formula of which might be approached by an extremely aluminous 
P3rroxene, the alumina clearly exists in the form of an orthosilicate of 
definite composition. 

When the ores are free from zinc or nearly so, and so aluminous as to 
yield a slag with 8 to 12 per cent. Al^O.j, and when at the same time iron 
flux is scarcer and more expensive than limestone, type slag No. 8 (Table 
XVII.), first made by Schneider, is the proper slag to use. It somewhat 
resembles No. 4 of Eaht, but alumina replaces part of the iron. The formula 
of this slag worked out from the percentages given is 12Si02, TFeO, llCaO, 
and 2AI0O3, which gives :— 

6 [ 2 (^^Fe. /.Ca )0 . SiO<>] + 2(3CaO. AI.O 3 . SSiO.). 

The slag formerly made at Broken Hill (No. 9 of Table XVII.) was highly 
aluminous, but it is very doubtful if the alumina played the part of a base 
as the slag was viscous, and had most of the marked physical characteristics 
of a bisilicate; for example, the drawing out to an exceedingly fine thread. 
The formula of this slag works out at 13SiOo, 7FeO and MnP^ffiCaO and MgO, 
2AI2O3, IZnO, which may be expressed 

6 (FeO . SiOj) + FeO . ZAO + 2(3CaO. AI 2 O 3 . SSiOs). 

__ 

* MineraZ Resources of the U.S., 1882, p. 328. '\Ihid., 1883-4, p. 433. 

X Trans. A I, M,E., vol. xi., p. 59. %Fj, and M. Dec. 27, 1890. 

11 Metallurgy of Lead, p. 143. 
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Witli still larger proportions of alumina and much, less silica the former 
behaves as an acid, and moi^osilicate-aluminate slags are formed. Thus, 
another slag made by Schneider contained SiOo 20 per cent., FeO 36 per 
cent., CaO 25 per cent., and ALO^ 15 per cent. = 96. Working out the for¬ 
mula from percentages we have llSiO.,, 17FeO, 15CaO, and SAhO^, corre¬ 
sponding to a simple monosilicate, in which part of the silica is replaced hj 
alumina, thus :— 

. (r^SiOs 

or more simply, 

FeO.CaO.d-SiOaiAhOs). 

The probable constitution of the remaining type slags which figure in 
Table XVII. may be represented by the following formulse :— 

14. 3(2PeO. SiOo) -i- 2 (FeO. CaO . SiOg) + 5CaO . SiOg + ZnO . ALOg 

15. 12(2PeO. SiOs) + 5(2CaO. SiOg) + 2ZnO . SiOg + ZnO . AI 2 O 3 “ 

16. 8(2H’eO. Si 02 ) + 10(CaO - 8162 ) + ZnO . AL 2 O 3 + 2 ZnO 

17. 6(2PeO. 8 i 02 ) -i- 2CaO . Si 02 -f 8 (CaO . Si 02 ) + 2 (ZnO . AI 2 O 3 ) 

18. 5(2PeO. SiOg) -i- 2 ZnO . SiOs -f 6 (CaO . SiOo) + 2 (CaO. AI 2 O 3 . SiOg) 

19. 2 FeO. SiOa + 2{CaO. SiO.) + f(ZnO. AI 2 O 3 ) 

20 . 10 ( 2 FeO.SiO 2 ) + 2(2CaO. SiOo) + 10 (Ca 0 . 8 i 02 ) + 2 (ZnO. AI 2 O 3 ) + ZnO 

21 . 16{FgO - Si 02 ) + 8 (CaO. Si 02 ) • + 4iCaO . AI 2 O 3 . Si 02 ) ■}" ZnO . AI 2 O 3 -j- ZnO 

22 . 4(2FeO . Si 02 ) + PeO . ZnO . SiO., + 4(CaO. SiOg) -f ZnO. AI 2 O 3 + ZnO 

23. 4(PeO . CaO. SiOo) + 3FeO . SiOo + 2 (ZnO . AI 0 O 3 ) 

Although the compound, ZnO . Al^O^, represented in many of the above 
formulae is found in nature as the mineral Gahnite. it is not intended to suggest' 
that that mineral is necessarily present in any of the above slags, but rather 
to indicate that, as a rule, the silica, iron and lime combine together in their 
own fashion, and that the zinc and alumina are left in more or less similar 
condition—namely, as comparatively inert bodies in igneous solution, either 
free or but lightly combined. Hutchings points out * that, although zinc 
oxide is often found in slags after cooling in the form of zinc-iron or zinc- 
iron-alumina-spinel, it is also quite often found in the form of crystallised 
willemite ( 2 ZnO . SiOo), which is here figured as existing in slags Nos. 12 , 15, 
and 18. That compounds of the spinel group may, however, actually exist 
in many slags is indicated by the fact mentioned by Muirhead,! who found 
that certain highly aluminous blast furnace slags left upon decomposition 
with acid a very refractory residue, amounting to from 5 to 17J per cent, 
of the weight of the slag, and that this residue upon analysis proved to be 
spinel (MgO . Al^Oy) with one-third of the MgO replaced by FeO. All the 
minerals of the spinel group crystallise in the cubical system, and it may be 
the presence of members of this group of aluminates which determines the 
crystallisation of certain slags in that system. For instance, referring to the 
two aluminous slags described on p. 150, upon calculating out their formulae, 
they are found to be very similar, and it seems probable that the difierence 
in the crystalline form follows a real difference in the molecular arrange¬ 
ment. Thus the cubical crystals, the composition of which is lOSiOo, 5FeO, 
5CaO, IMgO, and 3Ah0.p may perhaps be represented by the formula— 
10 (xV^e() - x®^CaO. Si 02 • H + MgO. AI 2 O 3 (spinel); 

whereas the prismatic crystals, the composition of which is approximately 

* E. and M. Dec. 24, 1903, t E. and M. Jan. 18, 1908, p. 164. 
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lOSiO.,, 4B\^0, 5CaO, IMgO, and 2AljO;}, may perhaps be written 
lO(,^.Kc(). ,\CaO, iVMgO.SiO,. ;^,Al20.,) 

eorrespouding with the aluminous lime-iron amphiboles. 

Roplacomont of FoO and CaO by other Bases.—A series of experi- 
numts was made by Hofman * on the replacement of FeC) and CaO in a 
typical haul slag by otlier bases, the slag chosen being that having the per- 
eentagi^ composition 32*1, FeO 35*9, CaO 32 = 100, the molecular 
composition of which is lOl SiOo, 10 FeO, 114 CaO, and its formation tem- 
pt'rature 1,15(f (•. Tlu' (‘xperiments were directed to determining the changes 
in formation temperaturt'. that take place as one constituent is gradually 
rt‘placed by another, and tlu^. results may be summarised as follows 

Manganese substitutt‘d for iron increases the fluidity of slags, while slightly 
diminishing tluar fusibility, for which decrease, however, the gain in fluidity 
more than compensates. 

Alumina may niphuu*. ferrous oxide up to the proportion of one-half 
without per(‘c^ptibly aifecting either the melting point or the viscosity, but 
a.bovt*. that proportion th(‘ melting point rises rapidly. It may also rcphuui 
(hO up to thr(H'-fourths of the total without raising the meriting point, but 
th(‘r(‘ is a. marked incrcMiscj in vi8(‘-osity. Up to sevtm-sixteenths of both bases 
(/.c., up to a, slag having the (‘composition SiO.j 32, F(4) 22, CaO 20, AljO.} 14), 
alumina, may bt‘ substitutcal for both iron and lim(‘. without raising the melting 
point; the viscosity is, how(‘V(',r, always somewhat inc.reased, and above the 
proportion numtioiUHl both melting point and vis{‘4)sity increase rapidly. 

Magnesia may rt^.plact^ lime in proportions up to ilve-tughths of the CaO 
prtvstmti, but, apart from its greater satural'ing power not to advantage, as 
th(‘ nudting point is always somewluit raised and the viscosity markedly 
incnniaed. 

7Ane oxide may rt‘plac(», limet up to even thrcH‘,-fourths of tlu‘, CaO pn^.stmt; 
the melting point is someflimeB lowered, though in most proportions raised, 
and tlu^ fluidity invariably diminislu‘H almost pan 'i)assu with the increast^ 
in zinc. 

Harijta may rephuu^. linu‘. in all proportions, and always lowers tht‘, melting 
point without reducing th(‘ fluidity, butsima^ in large amounts it incnaises the 
spc'cific. gravity, it is not desirable', as tending to interfeu’c with the separation 
of tin*, molten products. When, however, considerable amounts of magnesia 
or zine. oxide', are pre'semt, addition e)f baryta, notably lowe'rs the', melting 
point withe>ut increasing the viaeosity proeluce'el by tlu'. former oxide^s; and 
whe*!i('ver available, therefe)r(‘., its use', in sueb eaises is inelieaiteul as de^sirablc'. 

Ilofman’s experime'nts further show that in what lie', emails liis basal slag 
from one^-fourth to threa'.-eughths of the' siliea pre'sent may be', replae'.e'.d by 
alumina with a risei of e)nly Aif in the'. formatie)n tempe'.rabure of the slag 
(l,l5(f to althe)ugh the^ vi8ce>sity is marke'elly ine.re'a.H('.el. Above' this 

proportion of alumina both melting point and viHee)sity increase', sudelenly. 

Ratio oj Iron-bases to lAme-bases,—h\ coppe'r smelting and matte 
smelting the^ proportion of iron in the', slag e*,an be brought eiuitc low, but in 
\md smelting there would seum to be 8e)me‘, minimum ratio of iron-baae^s to 
linU'-base^B which, it is not possible to ove'rste'p and ye*.t do good work. Thus, 
some' years ago, what is known as the Schneider type', of slag, SiO., 35, FeO 27, 
* TrauK AJ.M.K,, voL xxix., pp. 68*2-721 (1899). 
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CaO 28, was somewliat widely used, particularly wliere iron fluxing ores were 
scarce, because it is economical in sucb cases, and gives low assays for both 
lead and precious metals. A marked peculiarity of this slag, however, is 
that of becoming thick while still a good deal above its melting point, and 
of setting hard quite suddenly, often clogging in the spouts ; it is, therefore, 
exceptionally liable to lead to trouble with the tapping, even if the amount 
of zinc present is low, but especially if the ZnO rises above 2 or 3 per cent. 
Eor this reason, in spite of the low slag assays which can be secured by adopting 
this composition of slag, few metallurgists like to use it if they can secure 
more iron. As to the reason for the quick setting of this slag, and for its 
becoming “ stringy,"" and clogging in the spout, as it often does, especially 
when the silica accidentally falls a per cent, or two below the theoretical 
point, the following results of some experiments recently made at an impor¬ 
tant smelting plant, and covering a period of several weeks, with about six 
furnaces running, may be of interest. With a view to economy in the use of 
expensive iron flux, after a little experimenting on one furnace only, all tlie 
furnaces were put on a high lime slag for a short time, but in view of the 
trouble experienced with the slag breasts the proportion of lime was gradually 
reduced after about a fortnight"s run on slag of each of the compositions 
given below :— 


Composition of Slag. 

1st Period. 

‘2nd Period. 

3rd Period. 

Xormal Slag. | 

Silica,. 

35-21 

36-31 

36-46 

35 

Iron oxide, .... 

‘26-58 

28-15 

28-96 

31 

Lime,. 

26-17 

24-08 

*22-91 

23 1 

Total, .... 

87-96 

88-54 

88-33 

89 ! 

Oxygen ratio— 

Silica : bases, . 

Molecular ratio— 

1:1-48 

1 : 1-50 

1 :l-50 

1 : 1-40 

FeO : CaO, 

1 : 1-25 

1 1 :1-10 

1 : 1-02 

1 : 0-945 


During the first period, while reduction of lead was good, some of the 
furnaces were always troubled with hard breasts ; during the second period, 
while this condition was less accentuated, it still occurred with sufficient 
frequency to be troublesome with the class of furnace labour available; and 
only when the iron was increased and the silica a trifle reduced were the 
furnace conditions quite satisfactory. It would really seem as if the ratio 
of FeO to CaO is of considerable importance, as if, in fact, in lead smelting 
any increase in the latter above the proportion of 1 to 1 is liable to give 
trouble and to bring about irregularities in working. It should be mentioned, 
however, that at the works where these experiments were conducted the 
furnaces are all low, and it is probable that with higher furnaces slags 
containing a somewhat higher percentage of bisilicate of lime could be 
run with equal facility. There must, however, be a minimum percentage 
of iron for good work in lead smelting, and it is probable that this limit is 
reached at somewhere about 24 per cent. 



('llAFTER VI11. 


BLAST-FURNACE LEAD SMELTING—PLANT. 

Gonoral Arrangomont. '^FIu^ arrjinji 2 ;em(nit ol: a smelting pla.nt, 

though p(‘rha,])s more a (gn^stion of (mglmu'riug tha,n of nK'.tallurgy pure, and 
simpl(\ is V(My important; for modiuai m(‘,tallurgy is heeoming more and 
mon‘ a. (pu'stion of (UigiinMuing and h‘Ssof (uupiriea,! nih‘ of thumb. A blast¬ 
furnace phuit always riM{uir(‘s thr(H‘ l(‘Vtts—-viz., those' of tlu' ore'-ch'livery 
floor, f(‘(‘d floor, and slag dump, tdu'n' should In' a,t h'ast 8 IVe't, a,nd pre- 
h'rably 12 l('(‘t, Ix'twe'i'U the' on' dclivt'ry floor a,nd the', fec'd floor, 20 to 30 feet, 
a(*(*ording i.o tlu' lu'ight of furnaxa' adoptt'd, betwe'e'U the', feed floor and tlu' 
slag dump floor, with as much Ix'low tln^ last as possible'. Wlu're natural 
fall is a.va.ilabl(', t he' ground may In', laid out in t('rra,c.('.s, as shown in Fig. 73, 
whiedi shows a ge'iu'ral arraaige'ment of furuare', ore-bins, dust-chamln'Ts, &c., 
on a. so-call('d te'rrace'. site'. It is but rare'ly tluit the', (n)nformation of the 



Fig. 73. -Arrange'inont of Snutting Fiinuice and on Te'rraeenl Site'.. 


ground will suit for laying out any conside‘rai)le proportion of thee ore-bins 
a-B shown in Fig. 73, aatd in (h'fault of na-turai fall edevators or hoists may be' 
use'd for the', fennl fle)or, while the', height fevr e)revbins is got by e'levate'.d tracks 
over them. 

Thee re'maining deetails of arrange'rneeut will ele‘,]n‘nd upon thee site', available, 
the railroad c.omrnunieiations, tlue (;e)mf)ositie)n of thee ones to bee treea-teed, and 
thee re'gularity, e)r othe'rwise, of their supply ; tlu'y va,ry so much that e)nly 
pra.c.tic.a,l e'.vperiencee (aiu givee thee stueleent somee insight into thee (|U('Btie)n."‘ 

F<»r ftirtlicr inforinat-ion tin' Hluehnit may he' re'fe'rrcel lo Lofk<>t, H)m‘((ui{} Pltiufs^ 
( jimnrniati, 18H3; and t.o Hofman, a/ 11)0(5, pp. 203 to‘222. Di'taile'd 

<le'S(;rif)ti<)nH of ('.xinting Hineelting plant, h are' alHogiveui in pa,]H*,rH by thee author and A. \^'. 
Mah’olmKon in Pror, Jnsf. (Jir. vol. cxiv., part ii. 
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Where the available fall is still less 
in amount, it must be all utilised for 
dump space. The ore>bins will then 
be built above the ground level, 
covered by elevated tracks reached by 
long inclines, and the charge will be all 
elevated to the feed floor. 

In the case of a large custom plant 
situated generally at some important 
junction of two or more railway 
systems, the all-important considera¬ 
tion is railway facilities ; and, in order 
to get in convenient sidings at 
reasonable cost, it is worth while to 
sacrifice almost all other considera¬ 
tions in regard to site, so that it 
happens in practice that nearly all 
such custom plants are built upon 
more or less flat ground, and the 
charges are invariably raised to the 
feed floor. Fig. 74 shows some details 
of the general arrangement of a plant 
built upon a flat site—namely, the 
Pueblo plant of the American Smelting 
and Eefining Co. at Pueblo. 

General Consideration of Fur¬ 
nace Construction.—Lead-smelting 
blast furnaces were formerly built of 
brick or stone throughout, rectangular 
in section, blown by tuyeres in the 
back wall of the furnace only, and 
provided with an interior crucible or 
sump which was tapped at intervals 
into a tap-pit in front of the fur¬ 
nace. They were commonly made 
wider at the tuyere level than above, 
and may be seen figured in any of the 
older works on the metallurgy of lead.* 
The great disadvantages of all such 
furnaces were—(1) Low tem^pemture in 
the smelting zone, causing incomplete 
reduction of lead and separation from 
slag and matte. (2) Comparatively 
Iii^i velocity of the effluent gases, which 
caused a high temperature at the 
mouth of the furnace, an excessive 

* The simplest of all such furnaces 
actually in use within recent years in com¬ 
paratively remote parts of Mexico was 
described and figured by the author in 
IVctyis. vol. xii., p. 410. 
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consumption of fuel, and a very liioii loss of lead by volatilisation. (3) 
Small ca>pacily, with its inevitable c'.oncomitants, high cost of treatment, and 
great irregularity in working. (4) Inaccessibility of the interior and want of 
control over the. furnac'c working (‘xe.(‘pt by blowing out. 

Such iurnacos are now (‘xtinet, save' perhaps in very remote regions, 
liaving been replacu'.d everywhere by higher furnaces, circular or oblong in 
section, having tlu^ir wa.lls protec.ted by eexterior iron casings, and provided 
with tuyer(*s a,iTanged syrnnKitriciahy I'ound the exterior instead of only at 
the back. Idle area, at the tiiycuu's is kc'.pt (ionstant, either by the use of 
wa,ter tuyeres (Harz) or wa,ter blocks (Przibram), or, more commonly, by 
wa-ter-jackei.ing tlu^ whoh' smelting zon(‘ of tlu^ iurna,c,e. TIu^. two former 
systems art^ still in us(‘ to a limib'd <'xt(‘nt in parts of Europt^ but the latter 
have so ma.ny a,dva.nta.g(\s that tlu'ir us(‘ is to Ix' rec.omnKuidcxl in (^v{ry case 
where sullicicuit supply of wattu* is obtainable a.t a, reasonabh'. cost. Where 
water is veay sca,rc(‘ a.nd ri'fractory material (aisily obta.ini'd, tlurc' is much 
to be said in fa,vour of tli(‘. wat(‘r-l)lock and wat(‘r-tuy(‘r(‘. system, (‘Specially 
wliim the su})ply of or(‘ is irn'guhir. 

Tlu‘ tuyere area in modt'rn furna,c(‘s is almost invaria-bly cousidia’ably 
h'ss tlnui th(‘ throat a,r(*a, which is a-dva,ntageous in two ways (a) biH-ause, 
by k(‘(‘ping trhe t,uy(‘re anai small, th(‘. t(‘m])(‘rature of tlu‘ snu‘lting zoiu' is 
liigh, a c-ondition conducive' to good naluction of haul a,nd [)roduction of cl(‘an 
slags ; and {b) b(‘cause tlu'. wich'tiiug towards the fec'd door eausi'.s a diminished 
velocity in the a-scemdiug current of furna.cc'. ga.8es, which ])romot(‘s th(‘ a,!)- 
sorption by tli(‘. cold charge* of tin* luait tlu'y (X)ntain, and grc'atly n'diuais 
th(‘. amount of haul lairried olT us lliu'. dust and fumt‘. As a, ruh‘, with circular 
furnatu'H, tln^ dimu(‘t(‘r incnaisc's gradually from tlu'. iuyt'rt's to the throat, 
while iv.ctaaigular furnaces are built with a ])osh, which is ptxvhwable on 
account of tlu*. clearer dedniilon of tin*, smelting zone tlu'ireby secured. In 
(‘ith(‘r caH(‘ the aaaai at t he throat should b(‘ from two to two a.nd a-ha,lf times 
that at tlu‘ tuyertas, in ord(‘r to (msun^ that the vdodty of th(‘. gas(*.s shaU be 
autUchmtly shulceiu'd. 

beaul furna,c(‘H nuiy lx‘ chargtal (*ith(*r from the fe<xl floor h'.vel, tlu' fumes 
b(‘lng nnnoved by a. downtake' fhu' Ixlow tin*, floor, or by mt'ans of cliarging- 
doors in a chinuu'V or hood of brick or slua't iron forming a (‘ontimiation 
of th(‘ stadc, in which case tlu‘ ga.s(‘s and flu(‘. dust an'- taken ofi by an ovc'r- 
hea-d downtake*. lioth arrangeum'nts an', (‘mploye'.d for oblong as w(‘ll as for 
cmuilar furnace's, but tlu' fornu'r is more common. 

Tlu*. height of nuKh'rn furmict's varie's ctiiefly with the nature of tlu' oia'.s 
to Ik'. snu'ltc'd. Ort'K rich in lead and ])roducing a ferruginous slag are c.om- 
parativ('ly ('any to snu'lt at a. low t(‘m})(‘ratun‘, whidi can Ix' obtalix'd with a 
low pn'SHun' of blast, a.nd, conH(‘(|U('nt ly, a, moch'rate height of 10 to 14 fec't 
abov(', t.uyen'H is Hullicie'iit. On's poor in h'ud and rich in silica,, to which a 
large ({uantity of linu'stoui' has to lx‘ adde'd in onh'r to form a, calcan'ous 
slug, n'(|uin', on tlx* otlu'r hand, a high b'mperatuia'. a-nd long contimu'd 
lu'ut in th(‘ stuelting zon<', only oltaim'd by the ns(' of a- high-])r('ssur('. blast; 
c()ns('.<(U(‘ntly, a gre'utt'r Ix'ight, of from lb to 20 f('.(‘t^ is rc'.tjuin'd in orch'i: to 
pnwent lu'ui from Ix'iug wasted at tlu' surface' oi tlx' clnu:g(', a.ixl a,Iso by 
considerations of tlx' maxiinum tonnag(' capacity attainabh'. without incn'asing 
tlu' working loast's. 

Tlx'. number of tuyeres, fornx'Hy from one to thnu*, has beem increased both 
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in circular and in oblong furnaces to from eiglit to fourteen, according to the 
size of tbe furnace. Tbe smallest number now employed in practice is five 
(Claustbal and some parts of Spain), but whatever the number, they are evenly 
distributed round the furnace. The diameter of tuyeres varies between 2i 
inches and 4 inches, but 3 inches to inches are the sizes most commonly 
employed. The distance across the furnace between the tuyeres varies from 
36 up to about 60 inches, the latter figure, however, being rarely met with. 
Increasing the size of circular furnaces, of course, results in greater capacity, 
but hardly in proportion to the increased area, while the pressure of blast has 
to be augmented in order to ensure penetration to the centre of the charge. 
The augmented blast-pressure requires, in order to preserve the reducing 
action, simultaneous increase in the height of the furnace; and is accompanied 
by the disadvantages of increased loss by volatilisation, and of a creeping 
upward of the smelting zone which reduces the temperature at the tuyeres. 
With circular furnaces of moderate height, moreover, the fuel has to be 
thrown towards the centre in order to allow the blast to penetrate and pre¬ 
vent the formation of a chimney of unmelted charge, while with oblong 
furnaces fuel, ore, and fluxes may be spread in even layers, which gives better 
reduction. The capacity of an oblong furnace may be doubled by simply 
doubling its length, without interfering with its breadth or altering any other 
condition; whereas doubling the sectional area of a circular furnace does-not 
result in doubling its capacity, unless the height and the blast pressure are 
increased proportionately at the same time. 

For basic ores rich in lead and poor in silver producing fusible ferruginous 
slags, where the high volatilisation loss is comparatively unimportant, large 
circular furnaces may be employed with advantage {e.g., Spain); but with 
ores poor in lead and rich in silver, and especially in cases where the slags 
produced are high in silica and lime, the oblong form is far preferable (United 
States, Mexico, Australia). The blast pressure employed with circular fur¬ 
naces varies according to the height of the furnace from 10 to 20 inches of 
water (6 to 12 ozs. per square inch) with a diameter of 36 to 42 inches. With 
larger circular furnaces of from 48 to 60 inches diameter the blast pressure 
must be increased to 1 lb. or even 14 lbs. (28 to 42 inches of water) if the 
ores are at all infusible. The tonnage capacity of a furnace of given area is 
much increased by raising the blast pressure, but it is necessary to raise simul¬ 
taneously the height of the charge column, in order to keep the top cool and 
to prevent losses by dusting and volatilisation; with modern high furnaces 
blast pressures ranging up to from 40 to 45 ozs. are commonly employed. 

• Lead furnaces may be provided with an interior ‘‘ sump,'' which is tapped 
at intervals into an exterior ‘‘ tapping box," or they may have an interior 
well" or “ crucible," which is always kept full of lead, and which com¬ 
municates by means of a channel called the ‘‘ syphon tap " with an iron pot, 
from which the lead can be ladled almost continuously. The former is the 
old arrangement still used in a few German lead furnaces, but now almost 
everywhere obsolete; the latter arrangement being in almost universal use. 
One great disadvantage of the sump furnace is that the operation of tapping 
interferes with the regular working of the furnace, a large mass of u nsmelted 
ma;terial being suddenly lowered through the smelting zone, and the sudden 
contact of solid material with the bottom of the hearth, when the bath of 
lead is removed by tapping, is liable to give rise to the formation of sows " 
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and “ bottom crusts/' especially as during the tapping operation the blast 
has to be turned off for a while. It is, too, a disadvantage that the charge 
suddenly dropped down in front of the tuyeres by the draining off of the bath 
of molten products by which it is supported, and, coming as it does, from 
higher up in the smelting zone, takes some minutes to reach the condition 
of that which was in front of the tuyeres before tapping took place, while 
the coke which is suddenly dropped into the bath of slag gets its pores filled 
with molten material, and is not so readily burned when the bath again rises 
to its normal level. Tapping from a sump, therefore, always interferes to 
some extent with the regular working of the furnace. Crusts will occasion- 
ally form on top of the lead in a crucible furnace, but they are much more 
readily removed (by taking down a jacket) than is the case with crusts formed 
in a sump furnace. 

The syphon tap for continuous discharge of lead from the crucible is an 
improvement of a very old form of exterior fore-hearth described and figured 
by Karsten ; it was invented by a Clausthal metallurgist called Arents, and 
was first tried in Nevada, from whence it spread to every lead smelting 
district in the world. It is shown in Fig. 83, which represents an American 
circular water-jacket furnace ; it consists simply of a channel built in the fire¬ 
brick wall of the crucible and connected at the top with a basin-shaped 
depression in the same, which is sometimes provided with a cast-iron casing 
and is called the “lead well." Owing to the pressure on the.lead in the 
crucible caused by tlie weight of slag and charge floating on it, fche level .- of 
tlie lead in the well is always some inches above that of the inside of the 
crucible, and with charges poor in lead there is some tendency to chill in the 
tube, which is guarded against by inserting in it from time to time red-hot 
iron bars. Besides the greater regularity in furnace working and the avoid¬ 
ance of “ sows," the. use of the “ automatic tap " results in a smaller produc¬ 
tion oE dross. It is, however, not to be recommended in the case of very 
coppery charges (as, for example, in concentrating lead matte containing 
upwards of 12 pen' cent. Cu), on account of the great tendency to form a 
“ bottom crust " consisting of an alloy of copper and lead with a high melting 
point, which gradually grows up from the bottom till it fills the crucible. In 
theses cases, therefore, it is better to abandon the automatic tap and work 
the furnace as a sump furnace, tapping from the bottom. Sump furnaces 
ai*e also preferable in cases where ores have to be smelted 'which are exception¬ 
ally rich in zinc*, and in barium sulphate, like those of Goslar, which could 
not well b(‘. smelted in the ordinary way with an automatic tap, on account 
of tlie quantity of crusts which would form above the lead. By tapping 
from the bottom the hearth can be cleaned up at each tapping and the accre¬ 
tions removed. 

The. blast used in lead furnaces is almost always produced by a so-called 
“ positive, blower " with rolling impellers of the Boot type. The Baker 
type of blower was formerly used a good deal in American plants, but the 
Boot type is decidedly bcttiu', being not only more efficient, but built more 
solidly, and because of the much greater margin of speed permissible in running 
tht‘m; taking a Boot and a Baker of approximately the same capacity at 
ordinary speeds and low pressure, the former can, in case of emergency, be 
work(4 up to more than double its proper speed without injury and without 

* Tti contradistinction to tlie induced current produced by a high-speed fan. 
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miicli loss of e£6ciency, whereas the efficiency of the Baker at high speeds 
and with pressures exceeding 1 lb. per square inch is very low. 

Hot blast as yet finds no use in lead blast furnaces, for the temperatures 
required are only such as can be economically produced by burning fuel 
before the tuyeres with cold air. It is generally supposed that the^ use of 
hot blast would so increase the reducing efiect of the furnace as to give rise 
to the formation of iron sows in the crucible, besides enormously increasing 
the loss of lead by volatilisation. 

It may be convenient to consider first the circular furnaces, which are 
still commonly employed in Europe, and then to describe in greater detail 
the large oblong furnaces which are preferred in the United States, Mexico, 
and Australia. 

The comparatively speaking primitive furnaces of small capacity are here 
described at greater length than their present importance would seem to 
warrant, because there are still many remote districts where, in consequence 
of difficulties of transport and comparative scarcity or irregularity of the ore 
supply, only such furnaces can be employed. Individual mines in out-of- 
the-way places, producing only small amounts of ore suitable for smelting, 
must continue to employ just such small furnaces; and a study of the various 
types will enable any young metallurgist to improvise for himself out of 
simple materials a furnace suitable to the conditions. 


CIRCULAR FURNACES. 

The following types may be figured and described :— 

1. The Castilian or Spanish blast furnace with water-tuyeres. 

2. The Lower Harz furnace with simple water-tuyeres. 

3. The Glausthal furnace with water-tuyeres and air-cooled boxes. 

4. The Przibram furnace with water-tuyeres and water-blocks. 

5. The Freiberg Pilzofen with water-jacket in sections, the prototype of all water- 
jacketed lead furnaces. 

6. The American round furnace with water-jacket in one piece and overhead 
downtake. 

Of these the first three are sump furnaces, while the latter two are 
provided with automatic discharge. 

1. The SpanisbL blast furnace, “ Castellano'' or “ favo” is in some respects 
the most primitive of all types of furnace at present at work in civilised 
countries. It is built either of brick, or more commonly of sandstone, grit, 
or other refractory stone throughout, the zone of fusion being in any case 
built of blocks of refractory stone cut to the proper shape. An ordinary 
thickness for this masonry on first blowing in is 2 feet at bottom and 16 inches 
towards the upper part of the shaft; but although the total length of a cam¬ 
paign may be from six to ten weeks, fire generally shows through the masonry 
of the fusion zone within a week after blowing in, and thereafter work is 
carried on by means of patching with clay and by replacing badly burnt-out 
stones here and there with new ones cut to size. 

Eigs. 75 and 76 show in section and in plan respectively one of the simplest 
types of Spanish furnace with five tuyeres ; more or less similar furnaces 
with five and six tuyeres may be seen at work at Cordoba, Linares, and many 
other places. 
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At Peharroya and other establishments much larger rectangular “ pavos ” 
are employed having seven and nine tuyeres, built of brick throughout, and 
run with a much higher charge column. 




Fig. 76. 

The capacity of these various forms of the Spanish furnace varies 
according to the size from 25 or 30 tons for the circular “ castellanos ” up to 
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100 tons of cliarge per day for the large rectangular “ pavos/^ The charges 
treated are generally rich, say from 25 to 40 per cent, lead, and at a large 
number of works where rich galena ores are treated in reverberatories or in 
hearths blast furnaces of this general type are in use for reducing slags and 
other bye-products, together with second-class ores. 

2. The Lower Harz Furnace.—Except the Spanish, this is the most 
primitive type of furnace now at work. Its construction will be seen from 
the vertical section, Eig. 77, and the horizontal section through tuyeres, 



Fig. 77 and 7S.—Lower Harz Furnace. 


Fig. 78. The sump is formed of “ steep '' (brasque) rammed inside the brick 
foundation, which is enclosed in iron plates to prevent leakage of lead. The 
upper portion of the furnace lining, above the smelting zone, wears very 
little, and is entirely supported on iron plates, forming a continuation of the 
outer casing, the whole of which rests on the four columns shown in the plan. 
The lining in the smelting zone, which wears out very fast, is thus easily re¬ 
paired without interfering with the upper portion of the furnace. The height 
horn tuyeres to throat is 18 feet 6 inches, and the tuyere level is 1 foot above 
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the bottom of the heartli. Tbe shaft is contracted immediately above the 
bosh in order to prevent, as far as possible, the formation of zinc accretions, 
by accelerating the speed of the ascending current of furnace gases and zinc 
fumes. The gases are drawn off by a tube of comparatively small diameter, 
suspended in the centre of the shaft; the advantage of which, is that the 
current of gases is thus attracted towards the centre and away from the sides, 
where it is liable to deposit zinc accretions. 

The water-tuyeres shown in the figures arc inclined at an angle of 3°, and 
are 2 inches in diameter: they arc five in number, and disposed symmetri¬ 
cally round the perimeter of the furnace, as shown in the plan. The blast 
pressure is about I:}- to If inches of 
mercury, and each furnace treats 8-^^ to 
10 tons of ore per day {v. Chap. xi.). 

3. The Clausthal furnace is some¬ 
what similar to the above in construc¬ 
tion, but different in form. Instead 
of a bosh, it gradually increases in 
diameter from tuyeres to throat (Fig. 

79). The whole furnace is built upon 
a ston(‘ foundation block, F, which 
supports a cast-iron foundation plate ; 
the (‘LTicible is built of firebrick, en¬ 
closed by cast-iron plates, and encloses 
a succession of hearth layers, the 
uppermost of which is of brasque. 

The lining of the shaft is firebrick 
surrounded by a, (*.asing, h, of boiler¬ 
plate, to which arc rivetted angle irons, 
a, by means of which the shaft is 
Support('(l on hollow columns resting 
in east-iron sockets, as shown. The 
furnae(‘. gases are drawn off through tlu‘, 
tube (j ; the. furnace has four water- 
tuyeres, each 2^ inches diameter, 
sup])lied with air at G to 8 ozs. pres¬ 
sure'. Tlu'se water-tuyeres pass through 
(uisfriron cooling boxes, 0, which an' 
cooled, partly by a current of air, and 
partly by the', (‘.irculation of water in 
the water-tuyere's. This seems a very imperfect arrangement, and the use 
of complete’ water-jackets is certainly preferable ; the practice in these 
furnaces of the “ precipitation process, elsewhere obsolete, is also peculiar, 
and will b(i described in Chap. xi. 

k The Przibram Furnace.—This furnace, shown in section in Fig. 80, 
is built somewhat after the pattern of an iron blast furnace in miniature. 
Tlu'. walls are thic'.k and double, with an expansion space between the inner 
firebrick lining and the outer wall of common brick; there is no exterior 
iron casing. The upper part of the furnace rests upon a framework of flanged 
cast-iron plates supported by six cast-iron columns, a ; the smelting zone 
of fir('brick is protected by three rows of cast-iron “ water-blocks.'" The lower 
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row^ contains eight water-tnyeres, which are simply cast-iron boxes with a 
conical bushing cast through the centre into which fit the sheet-iron tuyere 
nozzles. The water-block over the slag spout, s, is of a peculiar shape. The 
two upper rows are composed of larger water-blocks, h, of cast iron (Fig. 
80 b) alternating with brick, as shown in Figs. 80 and 80 a. The crucible of 

the furnace is composed of layers 
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of rammed '' brasque on a layer 
of brick, under which again are 
other layers of sand and loam, 
the whole being supported on a 
massive cast - iron foundation 
plate, / (Fig. 80), to avoid leak¬ 
age of lead. The discharge of 
lead from the crucible takes 
place automatically by means 
of Arents" syphon tap (not 
shown in the figure) as in 
American furnaces. Charging is 
performed by means of a cast- 
iron cup, c, with sheet - iron 
curtain hanging from it, the 
furnace gases being taken away 
by the fine, F, below the charg¬ 
ing floor. 

One of these furnaces with 
2|-inch tuyeres supplied with air 
at a pressure of 1*6 inches of 
mercury smelts in twenty-four 
hours 31 tons of charge ( = 22 
tons of ore), with a coke con¬ 
sumption of 16*4 per cent, and 
about I per cent, of charcoal 
(1| bushels per ton). Further 
details as to the working of the 
furnace are to be found in 
Chap. xi. 

5. The Pilz furnace, ’in¬ 
vented at Freiberg by Bergrath 
Pilz, in 1863, is undoubtedly the 
first complete water - jacketed 
furnace ever used for smelting 
lead ores, and the prototype of 
the American water jackets. It 
is equally certain that at Frei¬ 
berg, under Government control, 
the furnace has undergone but 
little improvement during the past twenty-five years or more, while in 
America it was soon improved out of all recognition by a series of able 
German and American metallurgists, backed by powerful and progressive 
capitalists. 






SOa aiul 80i{.—Frzibram Furnace- 
Water Blocks and Bricks. 
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The water-jacket of this furnace is of wrought iron, and is built up in 
segments, each segment having a tuyere aperture in the centre. The con¬ 
struction of the furnace is shown in Figs. 81 and 82. S is the shaft, c the casing 
of boiler-plate surrounding the brick lining, I, which rests on four cast-iron 



Figs. 81 and 82.—Pilz Furnace. Fig. 83.—American Circular Water- 

jacket Furnace. 


columns. J are sections of the jackets, each 8 inches wide and 20 inches 
high, with an iron tube through which are inserted the tuyere nozzles, t. 
Cold water enters through a small pipe openii^ into the bottom of each 
section, while the hot water is discharged through another pipe at the top. 
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details as to the working of the 
furnace are to be found in 
Chap. xi. 

5. The Pilz furnace, “in¬ 
vented at Freiberg by Bergrath 
Pilz, in 1863, is undoubtedly the 
first complete water - jacketed 
furnace ever used for smelting 
lead ores, and the prototype of 
the American water jackets. It 
is equally certain that at Frei¬ 
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capitalists. 



Figs. SOa and SOiJ.—Przibrarn Furnace- 
Water Blocks and Bricks. 
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The water-jacket of this furnace is of wrought iron, and is built up in 
segments, each segment having a tuyere aperture in the centre. The con¬ 
struction of the furnace is shown in Tigs. 81 and 82. S is the shaft, e the casing 
of boiler-plate surrounding the brick lining, I, which rests on four cast-iron 



b'igs. 81 and 82.—Pik Furnace. Fig. 83.—American Circular Water- 

jacket Furnace. 


columns. J are sections of tke jackets, each. 8 inches wide and 20 inches 
high, with an iron tube through which are inserted the tuyere nozzles, t. 
Cold water enters through a small pipe opening into the bottom of each 
section, while the hot water is discharged through another pipe at the top. 
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The tuyeres are supplied with air by means of the sheet-iron bustle pipes, 
hanging from the cast-iron blast pipe, B, which surrounds the furnace. C is 
the crucible, lined with firebrick and furnished with two spouts, s, at the 
level of the bottom, for tapping lead and matte into the movable tapping 
box on wheels, and with others, s^, at a higher level for the slag. F is the 
fine for the escaping furnace gases, connected with the general dust chamber 
and flue system of the establishment; X is the charging cylinder hanging in 
the centre of the throat. The capacity of the furnace, with a pressure of 
to 1 inch of mercury, is from 30 to 35 tons of ore per day, the coke con¬ 
sumption being 22 per cent, of the weight of ore. For further particulars of 
the furnace work v. Chap. xi. 

6. The American Circular Water-jacket.—One variety of this furnace 
is shown in sectional elevation in Fig. 83, in which the charging floor and 
doors are plainly visible, as are also the blast pipes, tuyeres, and the outside 
lead well communicating by means of the automatic tap with the interior 
crucible. The whole shaft of the furnace is cased with iron plates, a con¬ 
tinuation of which forms the stack, and the iron casing and stack, together 
with its lining, is supported on four heavy cast-iron columns. This particular 
furnace is fitted with the Devereux patent tuyeres, to be described in their 
place, and is charged from both sides, the flue-dust and waste gases being 
removed by an overhead downtake. 

Circular furnaces were used at Eureka, Nevada, and, in the early days of 
water-jacket smelting, all over the United States. At Mine La Motte and other 
places in Missouri, furnaces more or less of this type are still in use. The 
diameter at the tuyeres is from 3 feet 9 inches to 4 feet 3 inches, the jackets 
are 3 feet 6 inches high, with a bosh of 3 inches, which is continued upwards 
to^the charging floor 8 feet to 10 feet 6 inches above tuyere level. The crucible 
is 2 feet 6 inches deep, provided with automatic syphon tap for the lead, and 
the brick stack above the water-jackets has a boiler-plate casing, and is 
supported on columns in the usual way. There are five or six tuyeres supplied 
with air at a pressure of 1 to IJ inches mercury. 

Circular water-jackets are in use at Coueron * and Pontgibaud *}* (France), 
at Mazzaron J and Puertollano § (Spain), and at many places in Mexico and 
other countries. They are most suitable where labour is cheap and the ores 
not too siliceous. With large supplies of siliceous or refractory ores, poor in 
lead, they give way to the large oblong furnaces. 

At Pertusola (Italy) and Peilarroya (Spain) || large circular iron-encased 
brick furnaces with water-tuyeres and spray jackets are in use; for details 
of the work done see Chap. xi. 


RECTANGULAR FURNACES. 

The original oblong furnaces were of the Easchette type, first employed 
in the Urals for iron smelting, and subsequently in the Upper Harz for lead- 
silver smelting. These furnaces were not water-cooled ; they were 16 feet 
3 inches from tuyere level to throat, and measured 3 feet by 6 feet 6 inches 

* Philips, Elements of Metallurgy. 

1 1 § Sanchez y Massia, Metallurgia del Plomo, Madrid, 1893. 

II Private Notes., 1908. 
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at tlie tuyeres. On each long side were situated five 2-incli tuyeres ; the 
hearth was saddle shaped, so that at each end there was a sump made of 
brasque, which was tapped at intervals into an outside tap-pit in order to 
facilitate separation of the melted products. 

At Monteponi (Sardinia) the rectangular furnaces employed are a great 
advance upon the original Raschette furnaces, and are similar in some 
respects to modern American furnaces. As shown in Figs. 84 and 85,* they 
have four tuyeres on each side, and instead of complete water-jackets they 
are furnished with spray-jackets. These consist of cast-steel plates 20 inches 
high, cooled by means of a water spray, and connected with the upper part 
of the furnace shaft by means of a bosh wall, composed of one thickness of 
firebrick surrounded by a boiler-plate bosh-jacket, which can also be cooled 
by means of a water spray. This arrangement demands much less water 
than would be required for proper water-jackets, inasmuch as part of the water 
used is vaporised, so utilising the latent heat of steam for cooling. There 
are only two patterns of jacket plates—namely, two side sections, each with 
four tuyere slits, and two end sections each with a circular hole 1 foot in 
diameter for a slag breast, closed by a thin sheet-iron plate with a taphole 
in it. When the breast needs attention, or access is required to the interior 
of the furnace, this sheet-iron plate is removed and the clay breast broken 
away. The upper part of the shaft is supported upon a rectangular hollow 
mantel frame of box section, which serves also as bustle-pipe. The crucible 
is provided with a syphon-tap for the lead. The upper works of the furnace 
above the feed floor are somewhat peculiar, as will be seen from the figures. 
Only the side doors are ordinarily used for charging from iron cars, the end 
doors covered by counterbalanced iron plates being seldom used except 
when barring down, which is frequently required, owing to the high percentage 
of zinc in the ores. 


MODERN FURNACES AND ACCESSORIES, 

In order, to give an insight into furnace construction, it will be best to 
first give illustrations of a variety of typical furnaces, and then consider 
separately the detail construction of each of the important parts of a furnace 
as exemplified by the different types illustrated. Figs. 86 and 87 t show a 
furnace with wrought-iron jackets erected at Great Falls (Mont.) in 1891, 
Figs. 88 and 89 one of the furnaces with cast-iron jackets erected at the 
Globe Works (Denver) in the same year, while Fig. 90 shows the lower part 
of a furnace erected at the same works in 1895, and Figs. 91 and 92 show 
the furnaces of the B.H. Proprietary Block 14 Co. at Port Ad<‘iaide, South 
Australia, erected in 1897. To compare with these as examples of more 
recent furnaces, Figs. 93 and 94 show the now Port Pirie furnaces of the B.H. 
Proprietary Co. erected in 1906, and Figs. 95 to 100 show the new furnaces 
erected at Laurium (Greece) in 1908. Of these, Figs. 95 and 96 give an idea 
of the general arrangement of the furnacti building, and Figs. 97 and 98 show 
the furnace shaft in relation to the hood, forcihearth, and other ac(5cs8ories, 
while Figs. 99 and 100 give details of the furna(;e shaft itself. 

*FciTaris, OeM. Zeitn. f. IL II. IK., 1905, p. 455, and Summary in IJng. and Min. 
Jowii.j Oct. 28, 1905, p. 781. t From Hofman, Mtlalhmiy of Lmd^ 1900, p. 233. 
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Dimensions.—The sectional area of modern oblong furnaces Las been 
increased during the past fifteen years by increasing the length, it being, as 
already pointed out, impracticable to widen these furnaces to above 5 feet 
at the outside, and even that width has only been considered practicable 
during the past few years, since the effect of blak-roasted material in loosening 
up the charge-column has been realised Fifteen years ago there were no 
furnaces in existence over 12 feet long, and most of those in use were much 
smaller; none had an effective width between tuyeres of more than 3 feet 
8 inches. To-day, 160 to 180 inches, or 13^ to 15 feet, is about a standard 
len^h, while there are a large number in blast which measure 16 to 18 feet. 
Similarly in regard to width, which had remained stationary for many years 
at about 42 to 46 inches, owing to the increase in the amount of fines treated. 



i’ig. 90.—Globe Works (Denver), ISilf). 

the influence of higher blast pressures, coupled with the loosening effect of 
blast-roasted charge material, has been to increase this to from 48 to 60 
inches. The Port Firie furnaces figured above measure 62 inches between 
tuyeres, and at Laurium the installation is projected of a still newer furnace 
than those above figured, which shall be no less than 64 inches in width 
at tuyeres, the blast pressure required being estimated at 3| lbs. per square 

The height of watiir-jacketed furnaces has been much increased of late 
years, in order to cope with more refractory ores, and to gain tonnage capacity 
while reducing dusting and volatilisation losses; and now averages something 
like 20 feet from tuyeres to stock line, being in some cases even greater up 
to 24 feet. ’ ^ 























0 


THE METALLURGY OF LEAD. 

































BLAST-FURNACE LEAD SMELTING—PLANT. 


181 


should be at least 3 feet larger each way than the furnace bed-plate, and is 
filled either with good rubble masonry, brickwork, or, better, by a block of 



Kig. 03.—Port Pirio Pui*nacc—Section. 


concrete into which arc rammed as many largo stones as possible, cement 
being in any case mixed with the mortar. The best of all possible founda¬ 
tions is formed by filling the excavation with molten slag, forming, when 
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cold, a single block; but tbis is only attainable for additions to plant in an 
already existing works where a sufS.ciently quick succession of slag po s can 
be obtained. In any ease, tbe topmost course must be perfectly smootu 
and level wbicb, in a new works, is secured by making it of bri(^, and w en 
molten slag is available can be easily obtained by forming shallow dams 
with pieces of bar iron (tbe tops of wbicb are carefully levelled) and taen 



0 12 3 4 5 

Fig. 94.—Port Pirie Furnace—Plan (part section). 


filling tfiem successively with molten slag. When a perfectly even and level 
foundation has been obtained, a lay ex of clay mortar is spread over it, 
then tbe wxought-iron or steel base plate,J inch or f inch thick is laid in 
position. Tbis plate has generaUy a rim of li-incb angle-iron riyetted on 
to assist in bolding tbe hearth castings or “ caisson plates ” in position, and 
its function is to prevent leakage of lead from tbe well or crucible. 
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Fig. 95.—Plan (General). 
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2. Crucible with Automatic Tap. —The crucible of this furnace, built 
up on the bed plate, of firebrick laid as closely as possible with thin fireclay 
mortar, used to be surrounded by thick “ crucible castings or caisson plates, 
which had to be very heavy in order to resist the pressure of the lead in the 
crucible, frequently 30 to 50 tons dead weight of lead alone, without counting 
the downward pressure of the column of charge which floats upon it. These 
castings were commonly strengthened by projecting ribs and bolted together. 
Not only, however, did their great weight render them awkward for use at 
localities remote from railroad facilities, but they were always liable to crack 
through even slight subsidence or unequal distribution of pressure, and at 
most modern works both on the American continent and in Australia they 
have been replaced by strong I-bcams surrounding a boiler plate casing, as 
shown in Figs. 97 and 98. Hofman, indeed, suggested * that the outer casing 
of the crucible should be elliptical in form, when it could be enclosed in a 
boiler-plate shell strengthened by means of continuous bands of flat bar iron; 
the increased width necessary from centre to centre of the furnaces, which 
means a waste of space, and the increased length, which would have to be 
given to the syphon channels of the lead wells, thus increasing the liability 
to crucible troubles, arc objections to this design which, so far, has only been 
adopted at the U.S. S. and R. Co.'s plant at Bingham (Utah). 

Inside the plates the well is built up, a space about 2 inches wide being 
left between them and the firebrick, which is afterwards tamped with sand 
or brasque, so as to allow for expansion. The Arents automatic tap is simply 
an inclined channel half-a-brick square, which is left from the bottom of the 
crucible—generally at tlie c.entiH^. of one side—to the outside, where a basin 
is formed c.alled the lead well." Formerly this was formed by a semi¬ 
circular casting bolted to the c-rucible c‘.astings, but it is now wholly tmclosc^d 
by the latter, and a spout is provided for the lead to flow into a cooling pot, 
which may be either fixcal or, more generally, runs on wheels. In some old 
furnaces a lead well on (^ach side was provided, but this is simply a waste of 
space, and although two lead wells are generally found on modern long 
furnaces, they are botli on the samc‘. mde. When the side instead of the end 
of the furnace, was preacmtcKl to th(^ dump, two slag spouts were frequently 
found, one at (utluu' end of tlu^ furnace; since the ability to draw slag alter¬ 
nately from either end of tlu^ furnace or on alternate shifts is frequently of 
use in preventing th(‘ formation of crusts. On account of the (‘Dnveni(m(*<‘ 
of handling c.hargc^s on tlu^ fetal lloor, of the saving of space in furnact'. in fur¬ 
nace buildings, and for otluu* rc‘aHons, it is, however, found convenient in 
most, if not all, modern plants to arrange the furnac.es with their longtu' axt‘s 
parallel to each other and transverstdy to the building—that is, with thtur 
ends facing the dump ; and, in that tjaso, since no permanent provision can h<‘ 
made for removing slag from tlui bac^k ends of the furnaces, a slag spout at 
that end, if provided at all, can only be used during blowing-in or blowing- 
out, and in other ceases of enn^rgency. 

Modern crucible*, (sonstruction is well (^xemplilied by Fig. 101, which shows 
details of the (‘.rucible of the Ijaurium furnace. Inside the angle-iron rim of 
the mild steel base-plate are placed on edge the (mclosing steel plates, firmly 
bolted together at the (corners, and bound by no less than four 12-inc.h st(ud 
I-beams in order to take up the stressi^s and so prevent cracking and conse- 
* Metallurgy of Le.ad^ N. V., 1900, p. ‘2S(>. 
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quent leakage. These are lined first with 11 inches of brasqne, followed by a 
full course of ordinary firebrick, the bottom of which is laid as an inverted 
arch resting upon the brasque previously cut out to that shape. Inside the 
firebrick is a full course of special chrome-magnesia bricks made of a mixture 
of 3 parts of calcined magnesite to 1 of chromite, and burnt at the highest 
attainable temperature to prevent subsequent shrinkage. This mixture has 
been found to resist the corrosive action of the large amount of iron speiss 
made at these particular works better than any other. Two lead syphons 
8 inches wide are provided, only one of which is in use at a time, and opposite 
the bottom of each on the other side of the crucible is an emergency taphole, 
which allows of emptying the crucible in case of necessity. 

3. Shaft.—At each corner of the foundation stands a column (usually of 



Fig. 101.—Crucible of Lauriuru Furnace. Dimensions in Millimetres. 


hollow cast-iron) about 8 inches in diameter and 1 inch thickness of metal, 
with capital and base each 16 to 20 inches square and 2 inches thick; but 
often built up of wrought iron H-section. TJpon these columns is set the 
“ deck frame,^^ which supports the whole of the furnace walls with their 
lining. In old furnaces this was composed simply of cast-iron plates to 
2J inches thick, with strengthening flanges 3 to 9 inches deep, part of the 
direct pressure being taken ofl by arches in the brickwork. These light 
plates, however, were always giving trouble by bending and breaking, owing 
to unequal expansion, and in all modern furnaces the deck frame is com¬ 
posed either of three I-beams bolted together supporting a plain flangeless 
cast-iron deck plate in two sections running the full length of the furnace, 
or of a strong brick arch sprung from heavy cast-iron skewbacks resting on 
the corner columns. With the former arrangement, shown in Figs. 86 and 
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89, tKe T-beams are bolted lirnily to the caps of the columns, and to each 
other through distance pieces, while the cast-iron deck plates simply rest 
upon them so as not to transfer any of the lateral thrust caused by unequal 
expansion. If the arch arrangement is preferred, as is generally the case, 
the lateral thrust on these may either be relieved by supporting the brick 
arches throughout their whole length by bent steel arches, as shown in Fig. 
90 ; or, a still better arrangement is to take up practically the whole of the 
thrust on the skewbacks by means of heavy tie-rods, and this plan (shown 
in Figs. 99 and 100) has become practically universal in recently built furnaces. 

The furnace walls resting on the deck plates are usually of common brick 
with an inner lining of firebrick, an (expansion space being sometimes left 
between the two lay(n\s, though it is difficult to see what useful purpose is 
served by it, and it is omitted in many recent furnaces. The walls of all 
modern furnac(^s are built much thietker at the bottom than at the top, which 
diminishes the loss by radiation. In some cases, where firebrick is obtainable 
atjnot more than double tlui cost of common brick, the whole stack has been 
built of firebrick throughout, which much lessens the liability to repairs. 

The whole shaft is well bracsed with tie-rods and heavy corner irons of 
cast iron with lugs to receive^, the tie-rods. With the greater stresses on the 
high shafts nowadays (employed, th(‘. ironing has to be much heavier than 
that whi(9i formerly sudiced, and it is usual, not only to employ strong 
I-beams both longitudinally and transversely at intervals, but to further 
support the bric^kwork by fiat irons placed vertically at intervals inside 
the I-beams. Fig. 99 givivs a good idem of the best way of ironing a stack. 

In some furnaces, and notably in those designed for the British Broken 
Hill Company, a copy of whicdi was erex^.ted in Tasmania, the whole upper 
part of the furmuu^, shaft was miuh of wrought-iron and mild steel water 
jackets, as has beem dom^ with c'.oppcu: furnaces for many years past. This 
was expee.ted to factilitate the “ barring downof zinc “ hangings,” and to 
give an indestrucstiblc shaft. In practice, however, these long side sections 
have been found to give conaidcu’able trouble by buckling, and their cooling 
effect is so great that there is a quitt^. perceptible increase in the fuel con¬ 
sumption. The zinc hangings do not seem to separate so easily from the 
smooth iron surfacci as was (Lxpcicted, while the quantity of accretions which 
form is (owing no doubt to the powerful cooling cficct) much greater than 
with the ordinary brick stack. Idit^ use of these upper jackets has not, thore- 
for(% been extended to otluT than Australian works. 

4. Charging and Fume-colloeting Arrangements.—One arrangement 
is to hav(‘. an ovcirhead stack and downtake for the furnace gases, built either 
of brick or of sheet iron, the charging being done through doors in each long 
side. This style is used at the Arkansas Valley (Leadvillc), Germania (Salt 
Lake City), Colorado Sm. Co. (Pueblo), also at Monterey, Agua8calient(‘.s, 
Laurium, and other plants; it answers very well for charges not too high 
iu zinc, and where, consequently, tiuu’e is not much barring down ” to be 
don(L The other, and perhaps mor(‘. common arrangement, is to feed the 
furnace from the top, drawing off the gases by means of a take-off ” below 
the feed-floor, as shown in Figs. 91 and 92 ; this system was given the pre¬ 
ference at the Pueblo and P’hiladelphia Works (Pueblo), Globe (Denver), 
El Paso (Tex.), San Luis Potosi, Torreon, and all the Australian works, 
exce.pt the new Port Piric; it is much more convenient in many respects, 
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but requires a greater liciglit from the dump level, and, unless proper movable 
cover-doors are provided, a more powerful draught to prevent the escape of 
fumes on to the feed floor. It is, however, the most convenient, on the whole, 
for installing mechanical charging arrangements (for a description of which 
see the next chapter). 

The feed-floor is made of cast-iron or wrought-iron plates with planed 
edges butted together, and wrought-iron cover-plates underneath, the bolts 
having countersiink heads on top. In order to avoid the exit of fum('.s on 
to the feed floor wlum open tops are employed, an old device was to provide 
each furnace with a telescopic, ventilating hood made of sheet iron, consisting 
of Ui fixed chimney in the roof with a hood and smaller pipe sliding up and 
down in the former, and counterbalanced witli weights so as to be easily 
moved up and down. These hoods have now been, in most cases, abandoned. 
Another arrangenu'.nt employed fornnnly at sonu^, large works (including the 
(iJrant works, IJenver, and the old El Paso works) is the Fjort curtain. This 
consists of an oblong or elliptical “ thimble ” of thick sheet-iron extending 
downwards from the charging floor as far as the level of the bottom of the 
take off/" and, at least, a coupl(‘ of (‘ach way smaller than the furnace 
top. This appliance concentrat(\H the down draught into a smaller space, 
and is found to trap the fumes i^flec.iually, but has the great disadvantage 
of being in the way when wall accretions have to be barrcjd down, and, there¬ 
fore, has been of late generally discaixh'd, Ixdng especially unsuitable in works 
where charges high in :xin(i hav(' to bt^ tr(‘att‘d. 

As pointed out by Dwight,*^ a still graver disadvantage^ of the Pfort 
curtain is that of ac.centuating th(‘ tcurdency of open-top furnaces to show 
a (concentration of fine mat(wial in the centre, while the coarse^, fragments 
roll away to the sides, tlie twil consecpicnces resulting from this arrangement 
of the c‘.harg(‘. components will Ix^ rehuTtal to in the next clxaptcw. 

The best arrangcummt for hand-feeding open-to]) furnaces is to allow the 
east-iron floor plat(‘H to nt‘arly e.over tlie mouth of tlx^. furnaet^ ex(‘.ept two 
spaces each about 4- hiet by 2 feet, whiedi are sufinuent to (uiable the feeder 
to spread the charge in any dc^sircal fashion and to natch any part of the walls 
with a bar. Under ordinary circ.umHtanc(‘s th(as(‘ charging hol(‘s are kdt un- 
eov(‘r(d, but when blowing out, a cast-iron plat(^ is placard over each opening 
and lut(',d down with clay or wei onvfhuas. Tlu^ iron plat(‘s round these 
optuiings arc not a permanent part of tlu^ feed floor, but are naidily remov¬ 
able for barring down when nxpiired. 

it is a matt(‘r of observation tha,t Curnata^s witii opiui tops taapiire a much 
stronger chimney draught in orth^r to prcisvent the (‘S(;ap(‘ of fumess on tlu‘, 
f(‘ed floor than those which arc^ run with closed top, and tliis (‘xtra draught 
always moans extra loss. Sonu', modern furnata^s, tlicmvforcs arc provided 
with the old lixeal ah(a‘t-iron stack and telesc.opic. hood in the roof overht^ad, 
(a)nnection with whic-h is ordinarily mad(‘. by nnams of a sheet-iron (aising, 
th{‘ size of th(^ furnaca^. ar(*a, running on wheels and provided with side (charging 
doors similarly to (iloH(al-top furnacass. VVlnui najuinal, this casing can Ix^ 
run back for barring down. 

1'h(‘. ({(OTnari plan of ciiarging by nuains of cup and con<‘, as in iron blast 
furnaces, has beam tihal, but has not found favour, partly on account of tlxj 
difiiculty of obtaining frec^ access to ihe furnace shaft for barring, &c., with 
* Tmus. A.I.M.M.f vol. xxxix., p. ,15,1. 
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such devices, which indeed is the principal objection as regards circular 
furnaces. For rectangular furnaces the proper distribution of the charge 
with any such arrangement would seem to offer insuperable difficulties. 

During recent years somewhat elaborate arrangements for mechanical 
feeding have come into use on grounds both of economy and of reliability, it 
being found advisable, in order to secure regular results, to eliminate as far 
as possible the human element. Mechanical feeding is generally combined 
with open-top furnaces, the gases being drawn off below the feed floor. 
Details of the plant and arrangements adopted will be found described in 
the Chapter on Blast-furnace Practice. 

At the new Port Pirie furnaces the unusual method of taking off the 
fumes by means of a central oblong Darby tube or hood, which hangs in the 
furnace to about 3 feet below the feed floor, gives satisfactory results. The 
open top of the furnace measures 19 feet 1 inch by 6 feet 10 inches, and the 
hood, made of plate iron, covers the whole of this space, except a space 
18 inches wide all the way round, through which the buggies of charge are 
emptied into the furnace. In this way the whole of the coarse material runs 
to the centre, and the fumes naturally come up through the channel of least 
resistance. 

A good deal of sickness (lead colic) used to be caused on the feed floor, as 
well as below, by fumes rising from the slag tap and lead well. The danger 
of lead poisoning is found to be minimised by completely partitioning off the 
feed floor from the lower part of the building, and providing the lower floor 
with its own series of shaft ventilators of sufficient size over each slag tap 
and lead well, and extending clear through the feed floor above the roof. 
They take up but little room on the feed floor, and ventilate the lower floor 
very effectually. 

With ordinary open-top furnaces there is always more or less trouble at 
times on the feed floor from fumes, unless the tops are closed between charges 
by tightly fitting doors, which serve the purpose of confining the indraught 
of air exclusively to the set of doors open at any given moment, and so making 
the indraught stronger. It is one of the minor advantages of bag-filtering 
methods for saving flue-dust (a description of which will be found in Chap, 
xii.) that the escape of fumes at the furnace is reduced to quite small dimen¬ 
sions, and thus not only is a nuisance done away with, but the lead in the 
fumes is recovered. 

5. Water-Jackets.—These may be either of cast or of wrought iron (in 
the most modern practice the latter are usually preferred), but in any case 
their usual height is from to 7 feet, the centre of the tuyeres being 10 
inches to a foot from the bottom and the bosh ” of 6 to 10 inches, com¬ 
mencing from 8 inches to a foot higher up, to be continued in the brickwork. 
It will be borne in mind that the jackets have no weight to support, except 
that of the few layers of brick between their upper surface and the 
‘‘ deck plates ” ; they need not, therefore, be very heavy ; in fact, they 
stand best when made as light as possible. They are almost invariably 
made with a bosh, but at the Aurora Works (Chicago, Ills.), Eurich,* until 
only a few years ago, used a straight jacket and inserted water tuyeres 12 
inches into the furnace to narrow the fusion zone to the required extent, the 
advantages claimed being the greater facility of barring off accretions, and a 
* Private communication, 1896, 
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small but noticeable saving of coke, owing to tbe fusion zone being kept at 
a greater distance from tbe jackets. 

Cast-iron Jackets.—These are generally from 4| to 6 inches inside 
measurement, the latter size being, perhaps, most common; and the iron is 
from I to I inch thick, f inch being, perhaps, the commonest; frequently the 
inner skin is made double the thickness of the outer, as formerly at Broken 
Hill (Fig. 103). Any diSerence of thickness, however, must necessarily cause 
strains due to unequal expansion and contraction, and it is, therefore, 
decidedly preferable to aim at having the iron of exactly the same thick¬ 
ness all round the jacket, as is indeed the common practice with cast jackets 
nowadays. 

The water feed may be through a pipe screwed into the outer skin (Fig. 103), 
or through an open feeder forming part of the casting (Fig. 102); in either 
case, sufficient head must be employed to ensure the jacket being alwap full 
of water, which is secured by allowing the hot-water exit to rise some inches 
above the top of the jacket. The complete casing of a 120-inch furnace will 
be usually made up of sixteen sections, in twelve of 
which the side jackets are exactly alike, each having 
lugs with which to bolt it to its neighbours and a tuyere 
hole cast in the centre. The front and back breast- 
jackets are each in two pieces, right and left, and in 
most modern furnaces are unprovided with tuyeres. In 
some cases they are made curved, and they never 
extend down to the top of the crucible, but stop some 
10 inches above it, a common shape being that shown 
in Fig. 102, where the curved end-jackets extend right 
down at the sides, but leave an open space in the centre. 
The remaining space may be closed simply by pillars of 
firebrick with a clay slag tap in the middle, or by a 
tapping jacket, as is the more modern practice. The 
best arrangement is to have a tapping jacket 14 inches 
high, and to sink it 4 inches into the crucible wall, 
which helps to prevent leakage of lead from the front of 
the furnace, the actual slag tap being a conical hole in 
the jacket, only 2| inches diameter on the outside, widening to 5 inches 
inside. In a small works, however, where the ore mixture varies widely in 
composition, especially if the ores be at all zinciferous, it is best to work 
with a firebrick breast instead of a tapping jacket, as it is then easier to get 
at crusts which form on top of the lead. Cast-iron jackets are always 
supplied with handholes for cleaning, and the feed-water has been, in one 
case at least, introduced through this handhole, which, however, can hardly 
be considered an improvement. 

Detailed sections of cast-iron jackets are shown in Figs. 103 * and 104,f 
the latter showing a novel arrangement for supporting each jacket separately 
and independently of the lugs which fasten it to its neighbours, the former 
being peculiar in its use of water-tuyeres, which nowadays seem to be 
restricted to certain Australian plants. 



Fig. 102. 

Cast-iron End Water 
Jacket (curved 
type). 


* Broken Hill, 1896, Private Notes. 
t Beardsley, Trans. A.I.M.E., vol. xxi., p. 515. 
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Fig. 105.—Section of Wrought-iron Fig. 106.—Section of Wrought-iron Water- 
Water-Jacket (British Broken Hill). Jacket with Devereux Tuyere. 
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Terhune highly recommended jackets of cast steel, which were in use 
for many years at the Hanauer Works (Salt Lake City). The sections are 
f inch thick, tapped for two bushings l-J inches diameter for cleaning pur¬ 
poses, the same holes serving for water-feed and discharge by means of 
|-inch pipes in the plugs. Such jackets are, however, expensive, and do not 
seem to have come into use elsewhere. 

Wrought-iron jackets are usually made somewhat higher than those 
of cast iron, but a smaller number of sections are required—viz., one for each 
end and three or four for each side, according to the length of the furnace. 
The old form of wrought-iron jacket had a feeder bolted on similar to that 
of the cast-iron jackets (Fig. 106). Another form is that of the British 
Broken Hill furnaces (Fig. 105), which has wrought-iron pipes screwed in 



for both the feed-water inlet and outlet, and has lugs rivetted on for bolting 
each jacket to its neighbours. In any case, each section is provided with 
one or more handholes for cleaning out scale or sediment, and the walls of 
the long side-sections at any rate are stiffened by stay bolts. 

Figs. 107 to 110 show elevations and sections of a standard type of jacket 
now much used, which has, besides lugs for bolting together adjoining jackets, 
angles for supporting two pairs of horizontal I-beams, which run respectively 
lengthwise and endwise, being bolted together by standard connection angles, 
and so take up the bursting stress of the charge. These particular jackets, 
too, arc provided with deflectors to the inlet pipes, whereby the stream of 
cold water is forced to take a downward course, following the outer skin of 
the jackets, and they are provided with four or five handholes to a jacket. 




Figs. Ill and 112.—Cast-iron Tapping Jacket (Colorado Ironworks pattern). 

exceed 60° C. there is no danger of saline deposits. The dimensions given 
in the figures axe in millimetres. 
















FigH. 113 to 11 


5.--Flan. 

jping Jacket (Laiiriutn). 
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Wrought-iron jackets are best made of two skeets pressed out hot between 
suitable dies by hydraulic pressure, but they can be made by bending the 
sheets at a red heat over cast-iron moulds with hammers, the corners being 
carefully welded. A thicker sheet is usually employed for the inside than for 
the outside, common sizes being | or inside, and or f inch outside. 

The elevation of the end jacket (Figs. 109 and 111) shows the. shape and size 
of the tapping jacket, detail of which is given in Figs. 113 to 115. 

The life of cast-iron jackets, if well proportioned and made of good quality 
close-grained grey iron, is considerable, especially in large furnaces with 
regular running; thus, according to Croll,* one of the 40-inch x 120-inch 
furnaces at the Globe Works having eighteen jackets ran continuously for 
fourteen months without changing a single jacket. 

Comparing cast iron, therefore, with wrought iron, it should be remarked 
that within reasonable distance of a foundry which has had experience in 
casting them, the former are cheaper; for not only do they last nearly as 
long when properly made, and cost less, but, when replaced, the value of the 
old metal is a considerable discount off the price of new jackets ; whereas a 
discarded wrought-iron section is of no value as scrap. Cast-iron jackets are 
especially to be recommended where the water is unusually hard or acid. 
Where, however, good foundries are not accessible, and the cost of carriage 
is high, the wrought-iron jackets generally turn out to be cheaper in the 
long run, though the first cost may be higher. Cast iron, too, is not so well 
adapted as wrought iron to the manufacture of the very high jackets used in 
modern plants. 

Under special circumstances, as, for example, in places where wrought- 
iron jackets would have to be carried several thousand miles and so become 
costly, while common castings can be obtained locally, jackets may be 
made, as, for example, at Antofogasta,'\ of lengths of 1-inch gas pipe arranged 
in parallel rows joined up with elbows and nipples, the whole being placed in 
a mould to be cast into a thick plate. The quatnity of water required for 
circulation through these plates in order to keep them cool is less than is 
required by the ordinary form of jacket, and although renewals arc more 
frequent, the cost of renewal is less. 

In a cast-iron jacket the tuyere-socket forms an integral part of the 
jacket itself. In the case of wrought-iron jackets the tuyere-sockets have 
to be fitted separately, and the usual mod(‘. of fitting is that shown in Fig. 116. 
A tapered hole having been cut in the inner skin of the jacket a little smaller 
than the outside diameter of the tuyere, the latter is turned off so as to leav(‘ 
a shoulder; the inner end of the tuyere is then (expanded against the jacket 
and beaded over after the fashion of a boiler tube. The resulting joints are 
liable to leak more or less even in regular work, and arc sure to do so if the 
tuyeres often get slagged, under the shock of the hammering required to clear 
them. The best way of fastening tuyeres on the inner skin is by autogenous 
soldering, or welding by means of the oxyacetylcne blowpipe. Fig. 117 shows 
the method of preparing the joint for welding which is employed at LauTiu 7 th.% 
The resulting welded joints never leak, and have given every satisfaction. 

With the higher charge columns and blast pressures of modern practice, 
the smelting zone extends further upward, and it becomes necessary to carry 

* E. and M. May 28, 1898, p. (539. 

t E. and M. Sept. 2, 1899, p. 279. :}: Primte communicalion^ 1908. 

13 
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up water-jackets to a greater keiglit tkan formerly. Instead of having two 
tiers of jackets, however, as is a common practice in copper smelting, it is 
found desirable to carry the water-cooling to the required height in one single 
jacket, buckling being obviated and the necessary stiffness gained by making 



the individual sections narrower. The difference will be noted from a com¬ 
parison of Tig. 99, which represents a furnace erected in 1908, with Tig. 86, 
which shows a low column furnace erected in 1891. 
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Water- Jacketing to the Throat.— Copper furnaces being frequently 
water-jacketed right up to the feed floor, the same principle has been tried in 
lead smelting, though with unsatisfactory results. The first furnaces of this 
kind erected were those of tlie British Broken Hill Proprietarij Conipam/, which 
.are 40 by 120 inches at the tuyeres, the lower jackets being of cast iron and 
20 in number—viz., 12 side jackets with tuyeres and 4 end jackets without 
(like Fig. 103). The upper portion of tlic furnace shaft is composed of four 
mild steel jackets, having lugs rivetted on them by means of which they are 
supported by an I girder frame resting on hollow columns, which form a 
continuation of the ordinary lower columns. 

The advantages of water-ja(‘keting tlu^ upper portion of a lead furnace 
were supposed to be ;—(1) Greater durability through avoidance of relining ; 
and (2) greatcu* facility for barring off accretions. It was found, however, at 
Broken Hill that, through c.ooling of the upper portion of thc^, furnace, the 
fuel consumption was slightly, but distinctly, increased, while the growth of 
“ hangings ” was actually enciouraged by the presence of a cold surfaca^ to 
which they cnuld attacdi thems(‘.lves. smoothness of the walls does some¬ 
what facilitate the s(ttling down of hangings, but not so much a,s might be 
expected; for, in any (*ase, the ring '' of accretions has to be cut clean 
through in one or two phuH‘s with ste(d ba-rs bcvfore it can be got to settle 
down or break up, and this is the hardest part of the work. The upper 
jackets, moreover, were found to givt', considcu'able trouble through buckling, 
owing to tlKiir large sizes aaul through l(‘akag('. at the stay bolts ; tluy hav(‘ 
now been entirely abandoncnl. Tlu', furnac.e ereeded by Bea-rdshy at 
Zeehan, Tasmania, was pracdicahy a copy of the British Broken Hill furnaces. 
In a few cases wh(u.‘(‘, short ja,c.kets hav(^ been employed with a high-t‘harg(^ 
column, the layers of brick b(d.W(Mm tlu^. wa,t(U'-jacket and tlu^. shaft pr<)i)ci’ 
have been (-ooled by meaais of a l|-inch wa,t(u* pipe. This arrangcmnuit was 
tried in the Germania funuuses of 1895,*[' but has not come into genc'ral use. 

Tapping Jack 0 ta.—Th(\s(‘ may b(‘. of wrought iron or cast, caist stec'.l 
or bronze. They arc', sonudiuK's built, a,s in copper smelting, of wrought iron, 
and as much as 18 incluvs square', but are oftener quite small. Figs. 111 and 
112 show one of the (Jolo.rad() Ironworks’ patterns of cast-iron tapping jacJ<ets 
which has been somewhat largc'.ly mo.d in Golorado ; not bt'.ing c.omph'tely 
water-cooled all round, this pattern cuts out rather rapidly, espc'-ciahy wIh'u 
much matte is made. 

Figs. 113 to 115 J show the ])attt'rn (wolved at Lauritun, which is cast in 
high-grade phosphor-bronze (‘.out,aiming 98 per cc'-nt. Cu, and has a. 22-inch 
aperature. These*, jackets, vv'Ik'u wc'll caist without Haws, a,r('. found to last 
well under the hardest usage*.; and will withstand the passage* of 200 tons of 
slag daily for an indc'finite pc'riod, (wc'u wIk'u muc*Ji nuittc*, a-nd s])(‘i8s a.cc,()m“ 
pany the slag. 

Water Supply.— Dedahs of tin* watcu- sup})ly to furna,ce8 arc^ indica,t('d 
in Figs. 88, 89, 99, and 100 ; tin*, c.old waheu* fec'.d pipe, which may Ix'. from 
3|- to 5 inches in dianu'-ter, a,cc.ording to tin*, size of the furnace*, and tln^ ln^a,d 
available, surrounds tin*, furnac,e und(*r tin*, blast pipe. Each jack(',t ha,s a. 
branch of its own about tln^ middle*, or nc'ar the top, by which tin*, wa,t(*r 

Trans. AJ.MJiJ., vol. xxi,, p. 575. 
t E. and M. vol. Ixv., p. 541. 

:1; Private communication^ L. (xuillaiunc, 1908. 
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enters and sinks to the bottom, displacing the hot water which overflows 
through a spout into a galvanised trough surrounding the furnace that dis¬ 
charges into two or more stand pipes at the corners. These spouts and 
troughs are often replaced by long pieces of gas pipe reaching to the stand 
pipes near the corner columns, which latter indeed are themselves frequently 
made to serve also the functions of stand pipes (Figs. 91 and 92). In recent 
practice all the jackets are frequently connected at the bottom by short 
1-inch nipples joined by thick rubber hose, or, better, by unions, so as to 
enable any one jacket to be fed from its neighbours in case of temporary 
failure of its own proper water supply. Deflectors are usually attached to 
each inlet pipe, as shown in Figs. 108 and 110, so as to prevent the stream 
of cold water from impinging directly upon the hot inner sheet of the jacket. 

As to the quantity of water required, an ordinary furnace of 120 by 
42 inches will take, in summer time, about 55 gallons per minute, supposing 
the water to be run into shallow ponds to be used over again while still warm, 
as is frequently the case. It is economical both as regards fuel consiimption 
and wear and tear of jackets to keep the w^ater supply to the jackets low, so 
that the escaping water shall be as hot as possible without generating steam. 

It may be reckoned that in normal work a furnace with jackets 3 feet 
6 inches high will require as a minimum from 1-|- to 2 gallons per minute, 
according to the temperature of the water, for every foot of internal peri¬ 
meter at the tuyere level, and double this amount must be allowed for blowing 
in or out. Furnaces with higher jackets will, of course, require more water, 
but not nearly in proportion to the increased height. 

Heat Loss in Jacket Water.—It has been generally reckoned that 
about one-tenth of the heat generated by the combustion of the fuel is lost, 
in the jacket water. Some experiments on the point by Austin may be 
quoted. At Patagonia (Ariz.) a furnace 36 x 120 inches was found to take 
2,000 gallons of water per hour, which, entering at 22° C. and leaving 
at 67° C., absorbed 750,000 calories per hour. The coke burned was 1,000 lbs. 
per hour, which at 7,000 calories per lb. = 7,000,000 calories. The heat 
absorbed by the jacket water is therefore, in this case, 10*7 per cent, of the 
total. 

Tuyeres.—The diameter of tuyeres usually varies from 3 up to 3|- inches. 
The ratio between the number of square inches of total tuyere area and the 
number of square feet of elective sectional area at the tuyeres is conveniently 
termed the “ tuyere-ratio of the furnace. According to Hahn's rule, one 
3-inch tuyere is required for each square foot of sectional area at the tuyeres, 
which is equivalent to a tuyere-ratio of 3*53. It will be evident, however, 
that for a given ore charge the tonnage put through will depend upon the 
quantity of fuel burned before the tuyeres in a given time, and this further 
depends upon the volume and pressure of the blast supplied, the latter again 
being dependent upon the height of the charge column. The actual tuyere 
area through which the given volume of air passes at a given pressure is only 
of importance as determining the velocity of the blast at the moment of 
entering the furnace, which affects the distance to which it penetrates the 
charge. We see, therefore, that for comparatively narrow furnaces the tuyeres 
may well be of somewhat large dimensions, whereas in wider furnaces it is 
advisable to use narrow tuyeres, in order to get good penetration to the centre. 

* Mm. and Scientific Preas, Oct. 17, 1908, p. 625. 
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In any case, good distribution of tbe blast demands tbat the tuyeres sbould 
be fairly close togetber, and this is facilitated by the use of wrouglit-iron 
jackets. Formerly witb cast-iron jackets tuyeres were seldom less tkan 
20 inclies apart from centre to centre, and often more, whereas it is now 
common to find them 15 or 16 inches apart. 

Tuyere nozzles are sometimes of bronze or brass (though now commonly 
of cast iron), bored and turned to fit as closely as possible into the conical 
holes in the jackets, which should be bored out to fit. In the old form of 
tuyere the bronze nozzle is rivetted on to a galvanised or sheet-iron elbow, 
and connection is made to this from the nipples on the branch blast pipe 
by means of canvas bags, soaked in alum or Avater glass to render them 
incombustible and air tight, and tightly wired on. In more modern forms of 
tuyere and with high-pressure blast, connection with the bustle pipe is effected 
by means of air-tight sheet-iron pipes provided with suitable flange connec¬ 
tions. A peep hole at the back of the elbow is provided with a glass or mica 
eye-piece which can be removed when it is necessary to “ rod "" the tuyeres. 
The construction of the old form of tuyere will be seen by reference to 



Fig. 118, which is of the ordinary type formerly in common use, and 
in which e is the cast-iron elbow, p the peephole, and n the brass 
tuyere nozzle, the pipe with attachments between e and n being the 
slag Davies escape, a contrivance devised to obviate the bad effects of 
slag overflowing into the tuyere pipes, a not uncommon accident due to 
carelessness of the tapper. It consists of a piece of 4-inch pipe, a, screwed 
into the cast-iron elbow and turned so as to fit neatly into the brass nozzle ; 
on its under side is rivetted the flange, 5, with lugs, /. These hold, by means 
of screws, c, the perforated sheet iron, e, against the perforation in the bottom 
of the pipe, the hole being closed by the diaphragm, d, which is merely a 
disc of cardboard, thick paper, or tin. Should slag get into the tuyere pipe, 
it immediately burns a hole in the diaphragm and the blast escapes with a 
noise that attracts the attention of the furnace keeper. The screws, c, can 
be loosened in a moment so as to insert a new diaphragm. In practice short 
tapered plugs of soft wood tapped in by a light hammer are often substituted 
for the discs of cardboard after the first time of burning through. 
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The ordinary tuyeres employed are flush with tlu' insich- of tlu' jaeki^ts, 
but the furnaces at Aurora (Ills.) aud the whoh' of ihosc^ at the va,rious Broken 
Hill plants (Australia) were peculiar in luivin<j; watca-tuyerivs which (‘xt^^uded 
into the furnace on both sides, and so narrowed ilu* zoiu^ of fusion. At 
Aurora, the side jackets were straight (/.r., had no bosh), and th<‘ tuyeres 
projected 10 to 12 inches into the furnace; at Broktui Hill, tlu' side jackets 
had the usual bosh, and tlu' tuyeres proj(‘ct(‘d inwards only 0 to 8 inclu's. 
The object in both easels was to d<'(*rease tln^ amount of wall acendions and 
effect at the same time a. trifling t‘conomy of fuiA 

At the Port Pirie plant of the B.ll. Pro{)ri(‘tarv ('o. ten yt‘ars ago tlu* 
furnaces were provided with water-tuyeua's of th<‘ usual typ<‘ (shown in 
Fig, 103), but in tlu' new furnac(‘s th(\s(‘ have* beam n'placial by ordinary 
types of flush tuyeres, retaining, howewer, th<‘ (axc(‘ptioual width which was 
formerly characteristic of tlu' furnac(\s in which waUu’d uyenaas W(ua‘ (‘mploNaal. 
The old-fashioned tuyere pipe is suhj(‘ct to moia* or h‘ss lt‘akag(‘ of air, 

and s(‘V(‘ral forms of tuycr<‘ box hav(‘ 
b(‘(‘n int.rodiuaal with th(‘ obj<‘ct- of 
making a handy air-tight, joint. ()m‘ 
(h'vicca formerly in common use, is 
that of I)erereiu\ shown in Pig. 10(5: 
it (a>nsist.s (irst. of a bored and turmal 
brouZ(‘ tub{‘ lit ting into tin* ap(‘rtur(‘ 
in the jackets (which must b{‘ fm'uh* 
sp<‘cially larg(‘ if this tuy(ua‘ is to la* 
us(ai), and insid(‘ whicli an irousha'xa* 
with a sk«‘W' bore is lilted so that 
it {’an bi* ia‘Volv(‘d. The blast can, 
tlu‘ia‘foia‘, bt‘ turm*d in any diiaadion 
((*xc(*pt tlu‘ most gt'Uerally ustd'ul 
nanudy, <a*utrally), which was sup- 
posisl by its inv(‘ntor to la* a gn‘at 
advantage. Ida* w<*ight of tin* 
I)(‘Vt‘reux tuyert* r(‘n(h‘rs it clumsy, 
and in tin* author’s opinion tin* 
advantag<‘s of lanng able to alter 
tli(‘ dina-tion of tin* blast within such limits ar<* at la\st proldematleak 

When, from any caus(‘, tin* blast- is stopp^‘h, uuh‘ss the valv(*s connecting 
tlu'. tuyer(‘ pip(*s with tlH‘ blast- pip<* are imirnaliately (dosed, or a suitabh‘ 
Baiety valve is [)rovidt‘(l, combustibl(* gas(‘H from tin* furnace* travt*! ba(dv into 
the pip("B, mix with tin* air, atul oft(*n fonti an (*xpl(»slv(‘ mixtuna wdiich, 
taking fin* Iroiti tin* tuyc'H'S, may wn*ck tin* blast main and apparatus, Such 
serious accidents, as (Ascribed by AuHtiud^^ with their attendant (h’lay and 
expense, have* led t-o a great deal of ing(*nuity b(*ing d(*voted to th(* provision 
ol automatic tuyere valv(‘s which shall (‘stablish comn*cti<jn with tin* out(‘r 
air the moment tin* blast pr(*ssun‘ is taken (dT. Oin* of tin* b(*Ht of tln*s(‘ is 
that of Kil(‘rs.’j' It consists of a simph* box {ixinl against tin* back (d tin* 
watcu’-jacket by nu‘ans of patch bolts, the ac-tual tuy(*r(* lH*ing simply tin* 
aperture in tin* jacket itself, ddn* construction is (*vid(‘nt from Fig. 119, in 

* fi. (tmi M. J., I)(‘e. 15, LS94 
t Figured in Hofnuin, ofn rtf., ISHO. p, 
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which V is a valve with planed face fitting the 3-inch tube in the back of the 
box air-tight by means of the pressure on its back and rather more than 
counterbalanced by the iron ball. When the pressure is removed this ball 
comes into play, and the valve, taking the position shown by the dotted lines, 
closes the blast pipe and opens the escape. In a line with the tuyere opening 
is the peep-hole provided with eyepiece as usual, and at the bottom of the 
box is a 3-inch hole for the removal of slag accidentally coming into the 
tuyeres, to which can be fixed a fusible plug, if desired. The whole arrange¬ 
ment is compact, though rather cumbersome and expensive, on which grounds 
it has not come into extended use. Other forms of patent tuyere boxes are 
described by Hof man. 

Another form of tuyere box provided with slag-escape, and in which the 



Fig. 120.—Tu 3 ^erc Box (cast iron). Dimensions in Millimetres. 


peep-hole is somewhat nearer to the tuyere than in that shown in Fig. 118, is 
illustrated in Fig. 120. 

A very convenient form of tuyere, which has found much favour in Mexico, 
is the Kobinson air-tight non-slagging tuyere shown in Figs. 121 and 122. 
This has a downward extension 4 inches in diameter, closed by a disc of 
fusible metal, which melts before the slag actually reaches it, and since the 
slag by this arrangement can pour out freely, neither the peep-hole nor the 
air inlet can ever become completely obstructed. The peep-hole takes the 
form of a plug attached to a chain, and held in place by the pressure when the 
blast is on. Another advantage of this tuyere is that it is practically air¬ 
tight; at Mapimi the saving in blast resulting from the adoption of this 
tuyere is said to be nearly 20 per cent. 

* Op. cit., pp, 253 to 257. 
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Separate tuyere valves are always convenient, and do away with, the older 
methods of regulating the blast by tying up the bags or plugging with clay ; 
they are generally placed immediately above the tuyere box, but sometimes, 
as shown in Figs. 99 and 100, just below the bustle pipe, where, however, 
they can be readily reached by means of a hooked rod. 

Blast-gate.—The ordinary form of blast-gate is a simple double-faced 
disc-valve of wedged-shaped section, like those used for water, but much 
lighter, and worked by a long handle, pulled in and out by hand instead 
of being screwed in through a nut, which would be too slow. The weight 
of the valve is often counterbalanced, in order to enable it to work more 
easily, and in large sizes the handle is moved by means of a rack and pinion 
instead of directly. An automatic safety valve opening outwards should be 
always provided on either the blast main or the bustle pipe, so that the blast 
may escape whenever, for any reason, it becomes necessary to take blast off 
the furnace suddenly, without communicating with the blower room. Figs. 123 



Figs. 121 and 122.—Robinson Air-tight Non-slagging Tuyere. 


to 125 show a convenient arrangement of counterbalanced blast-gate and 
automatic-balanced safety valve. The former is closed from the lower floor 
by unhooking a light chain, the counterpoise being overweighted; and, as it 
closes, the safety valve opens simultaneously. If, for any reason, the blower 
should stop, the blast-gate is immediately closed, which obviates the return 
of furnace gases with the consequent dangers referred to. The return of 
furnace gases may also be guarded against by automatic inlet valves upon 
the bustle pipe, which are kept closed by anything approaching the normal 
blast pressure, but open downwards by their own weight whenever the 
pressure runs down owing to the blast-gate being closed. 

Blast.—The blast required in lead smelting is less than for a furnace of 
equal area at tuyeres engaged in matte smelting; the “ hearth efficiency'' 
is lower, the furnace running more slowly. In ordinary matte smelting^ as 
much as 300 cubic feet per minute per square foot of hearth area is frequently 
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supplied, sometimes even more, but in lead smelting from 110 to 220 cubic 
feet per minute per square foot of area may be allowed, tbe higher figure 
referring to easily smelting mixtures and self-fluxing ores with high blast 
pressures, and the lower to charge mixtures consisting largely of siliceous 
ores with limestone to flux them, and lower blast pressures. The size of 




‘Scale of Feet 

/■ 2 f j - /•i 

Fig. 125. 

Figs. 123 to 125.—Balanced Blast-gate and Safety Valve. 

blower for a given size of furnace will be determined by the above allow¬ 
ance, in view of the nature of the charge which it is expected to smelt; it is 
well, however, to err slightly on the safe side, since less trouble is likely to 
be experienced from running blowers a trifle under rather than a trifle over 
their rated speed. 
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Tlio following figures from recent practice may be of inter(‘st 



Dimensions 

!it luyeres. 

Blast, supplit'd. 

Works. 




Ihvssiiri' - 

(’nl)ie ft. 

per min. 


Size 

Inches. 

S(|. ft. area. 


—.. - - 




oz. 

'I'otal. 

IhM- 







S(|. it. nn‘:i. 

PoL'l Pirie, 

(>2" 

X 21*2" 


:io 

o,:57r) 

K)r> 

Alapinii, 

4()" 

X 1()*2" 

r>i-7 

:i2 

(5,000 

Ilf) 

Anonymous, . 

4S" 

X 200" 

(>() 

40 

O.aOO 

144 

Laurium, 

44" 

. Jot)" 

‘t {*»> 

do-fjO 

10,7)00 

2*20 


Attention should be drawn to th(‘ fact that, owing to h‘aky tuycu'e ])ipes 
and valves, the cpiantity of air entering tlu‘ furna,e(‘ is fre(|uently much less 
than that delivered by the blower, a.nd this is an argument in favour of using 
air-tight tuyere boxes ; rehuvnci^ has Ixum aln'ady made to the fact that at 
Mapimi the Eobinaon tuy(‘r(‘s are said to sa.v(‘ 20 p{*r c(mt. on tlu^ <[uantity of 
blast necessary wlum the old canvas pip(' comuHhions to Di^vt^nuix tuy(‘r(\s 
were in use. 

In a larg(‘. works with S(‘V(‘ral blast furnac(‘s tlu'n' is sonn^ (‘conomy in 
xunning all tlu‘ furmua's From a. <*ommon blast nniiii of ampl(‘ dinuu^sions, 
regulating the amount (leliv<n*(Ml to (‘ach by blast-gat(‘s o!i tin* smnn'al blast 
pip('s; this arra.ng(‘ment is both simpler and ch<‘ap(‘r than giving (‘a('h fui> 
nac.t^ its own blowtu*, and [)art of th<‘ blowing powm* cahadattHl on th<‘ a,bov(‘ 
basis is iJnm always in reserva^. blast main should bt^ on(‘-t.hird gr(‘at(n‘ 

in s<‘ctional anai than ilu' combiiUHl anais of blow<‘r outhhs. 

Although th(‘ common blast main, with inauich pipes, is so ginun-ally us(‘d 
and so conv(‘ni<mt, attcmtion may Ix' calhxl to th(‘ fact, that it. is impossibh^ on 
this syst(nn to r(‘gulat(‘ th(‘ working of each individual furnact' to such a. nicchy, 
esp('cially when running on dithnamt. charg(\s, as l)y providing (‘ach furmuxi 
with its own biowiu’. Tlx' lattcn* syst(‘m has Ixxm advocattxl in Australia, by 
Greenway (Port Ad(‘laid('), and in AnuM’ica by Zurich (Aurora). On this 
principle th(‘ prt'ssure gaug(‘ attached to (xu'h furnace Ixh'ouu^s a (h‘licat(‘ 
baronuder, showing accural(‘ly tln^ ehangi^s in tlu' nuH’hanieal or })hysical 
condition of th(‘. column of charge* abov(* tin* tuy(‘r(‘s, which it. n<*v(*r can lx* 
wlum utiliscxl partially for tin* [)urpos(* of regulating tlu* sfx*(‘d of tin* blow(*rs 
or tlx* numb(‘r of individual blowc'rs, d('liv(*i*ing into a, g(‘ru‘ral blast tnain, 
which should lx* started or stopp(‘d. Tlx* lx*st plan of all is to provide* one* 
blow(*r conni'cted dir(*ct to (*ach furnace*, but- arranging at tlx* same* time* a 
gene‘ral blast maiti with cross-conne‘ctionH to tlx* furnaeu* bran(*h(‘s, so that 
while* ordinarily (‘ach furnace* is supplie*tl by its own blowe*r it can lx* supplied 
alternatively from the* g(*ne*ral blast main ; mule*!’ this system otu* spare* blow(‘r 
conn(‘('t(‘d to the* g(*ne‘ral main can lx* switelx‘d in so as to allow of e*aeh of tlx* 
others being stopped in turn for iu*cesBary adjustme*nlH. 

Blast Pressure.' - Not many y(*ars ago pressure's of U to 2 lbs. per sefuare* 
inch were regarded as high ; in the high furnace's of the most, rnode'rn practiex*, 
howe'.ver, pressures of from 4G to 50 ozs. art* eomnu)nly employed. Tlx* blast 
pre:*ssur(.* which it is propost'd to c'mploy in a ne'w furnace* now ht'ing designed 
for the Lautium (knnpanv, hi inelx's in width lx*twe*<‘n tuyeres, is 31 lbs. 
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Besides the gauges on each blo^\’er in the engine-room, each furnace bustle 
pipe should be tapped for a small nipple, to which a pressure gauge is affixed 
by means of india-rubber tubing, the pressure being measured by a column of 
water, glycerine, or mercury ; each ^ inch of mercury or If inches of water 
ec[uals a pressure of 1 oz. per square inch. 

The power required naturally varies according as the pressure against 
which the blast is delivered. For each 1,000 cubic feet of free air per minute 
delivered the power absorbed by the blowers may be reckoned approximately 
as follows :— 


For 24-oz. pressure, 
32-oz. 

40-oz. ,, 

48-oz. ,, 


about 8 H.P. 
,, 11 ,, 

,, 1 ^ ,, 
lb }j 


Blowers.—The blowers employed in lead smelting work are nearly all of 
the Boot pattern with its modifications (Connersville, Cycloidal, Green, &c.). 
The Baker blowers formerly employed were very inefficient at pressures over 
8 to 12 ozs., and are now quite obsolete. The older types of EooFs blowers 
also were much less efficient than those now made, particularly when some¬ 
what worn. Thus, tests made at Rio Tinto * on a No. 8 Connersville blower 
showed a slip of 35 per cent, at 30 ozs. pressure. These tests, however, 
were made by the method of throttling the discharge valve to give the pressure, 
and then determining the speed at which the blower must be revolved to just 
hold that pressure without any discharge, save that due to slip alone. The 
method in question always gives high results, inasmuch as the slip is, pro¬ 
portionately to the discharge, very much less at high than at low speeds. 
A much better means of determining blower efficiency is by the use of the 
Pitot tube.'!* According to some German experiments J on the efficiency of 
small Root's blowers at high speeds against pressures of 16 inches up to 
75 inches of water, the volumetric efficiency when running at 400 revolutions 
per minute only fell off from 96 to 80 per cent.; so that at the maximum 
pressures in use in modern lead blast furnaces, say 45 to 50 ozs., the efficiency 
of the blower may be taken at not under 80 per cent. 

The comparatively low efficiency of the Baker and other old-fashioned 
blowers of the impeller type led Iles§ boldly to discard them altogether in favour 
of the vertical overhead blowing engines, so familiar in connection with iron 
blast furnaces. The first cost of these is undoubtedly heavy, but lies claimed 
that the efficiency and economy in working more than made up for the heavy 
interest charges. The same view as to the superior efficiency of the piston 
blower has been advocated by Vezin and other engineers. The demand for 
rotary blowers suitable for high pressures has, however, been met by the con¬ 
struction of types of impellers very superior in workmanship (and therefore 
in efficiency) to the earlier types; and few metallurgists are now inclined to 
consider the somewhat doubtful advantages offered by piston blowers as 
sufficient compensation for their much heavier first cost. At the newest 
American Smelting Works at Garfield and Murray, near Salt Lake City (Utah) 
rotary blowers have replaced the piston blowers of the original design, giving 
* Pricait Notes, 1905. 

t and M. J,, Dec. 8, 1906, for figure and descriptiorf. 
tSee E. and M, J., Sepfc. 1904, p. 351 (from Stahl und Eiseyi), 

§ Globe Works, Denver, 1897, Private Notes, 
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every satisfaction ; and, at tlie present time, considering that rotary blowers 
have also been installed at all the new large copper smelting plants, including 
Anaconda, Cananea, Douglas, Mt. Lyell, Kio Tinto, <fec., where the pressures 
employed are at least as high as those in use in lead smelting, he would be a 
bold man who should claim that there is any advantage in piston blowing 
engines for the moderate pressures employed in lead blast furnace work. 

Centrifugal fan blowers, direct driven by steam turbines or electric motors, 
have been recently introduced by the Greneral Electric Company for pressures 
of 1 to 4 lbs., and it is claimed that their efficiency varies little between 25 
and 125 per cent, of their rated load, but the author is not aware that they 
have yet come into use at lead smelting works. 

At Mt. Lyell, Eio Tinto, and elsewhere very large Parsons' turbine 
blowers, direct driven by steam turbines, have been installed, with capaci¬ 
ties up to 50,000 cubic feet per minute for each unit, delivering air at 60 ozs. 
pressure to the pyritic smelting furnaces. There is no reason why such 
blowers should not be applied in lead smelting with great resultant fuel 
economy. 

Fig. 126. Fig. 128. 



Fig. 127. 


Figs. 126 to 128.—Water-cooled Slag Spout (cast-iron). 


HANDLING OP PRODUCTS. 

The- means whereby the principal product—^the work-lead—is removed 
from the furnace, and its handling, will be described in the chapter on “ Pro¬ 
ducts." The other products of the furnace are slag, matte, and occasionally 
speiss, which, however, generally accompanies the matte in quantity too 
small to separate from it. Occasionally, as will be seen, attempts are made 
to draw ofi matte and slag from the furnace by means of separate tapholes, 
but usually they issue together through a single spout, and then separation 
is ejected outside the furnace. 

Slag Spouts.—The wear and tear on slag spouts is very heavy, the hot 
matte and speiss in particular which issue with the slag having a corrosive 
efect upon iron. When small furnaces are used having a capacity of 100 tons 
per day or so, and the slag is “ tapped " at intervals, being shut ofi by a plug 
of clay in order to allow its level to rise nearly to that of the tuyeres before 
tapping again, the spout gets time to cool ofi between tappings, and ordinary 
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cast-iron spouts have a life of several months. When, however, the slag 
stream is allowed to issue from the furnace continuously or nearly so, the flow 
being controlled either by a succession of small clay plugs, by a heavy iron 
“ dollyin the taphole, or by “ trapping'' the blast and allowing the slag 
to overflow, the wear and tear at a steady red heat becomes too much for 
plain cast iron, and recourse is had to water-cooling. 

Water-cooled Slag Spouts .—The simplest form of water-cooled slag spout,, 
when it is not required to trap the blast, is one which retains the form of the 
ordinary plain cast-iron slag spout, but in which a bent w’rought-iron f- or 
1-inch gas pipe is placed in the mould at the time of casting, so as to form 
an integral part of the spout; through this pipe a stream of water is passed. 
A convenient form is that of the Broken Hill furnaces shown in Figs. 126 to 
128. 



Figs. 129 to 131.—Water-jacketed Trap Slag Spout (copper). 


When there is not too much zinc in the charge, so that continuous flow of 
slag can be adopted without danger of accumulations of mushy matte on top 
of the crucible, trap spouts can be employed as in matte smelting. These 
are naturally more exposed to heat and corrosion than are the plain overflow 
spouts, and must, therefore, be completely water-jacketed, the water space 
generally ranging from 1^ to 2|- inches in width. Water-jacketed spouts may 
be either of mild steel or of copper, the latter being much less readily corroded,, 
and, therefore, preferable for continuous duty, especially when much matte 
or speiss is made. Figs. 129 to 131 show a very good form of water-jacketed 
trap spout made entirely of sheet copper i inch thick on the inside skin and 
I inch on the outside; the sheets are turned over so that no seams are exposed 
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i:o the hot slag, and the joints are lap-joints fastened by patch-bolts and 
brazed. 

For very heavy wear— i.e., for passing a large tonnage of hot slag—it is 
advisable to make even overflow spouts completely water-jacketed, and of 
copper. The long overflow spouts of the Laurium works shown in outline 
in Fig. 97, and details of which will be given on a later page, are of this char¬ 
acter. 

Handling Slag and Matte from the Spouts.—The oldest arrange¬ 
ment was to draw ofl matte, slag, and speiss indiscriminately into a conical 
pot, where they settled out into layers which could be separated easily after 
solidification. When this is done, below the slag is a cake of matte, and 
frequently at the extreme point of the cone a button of lead also; while if 
the charge contain much arsenic, so that speiss is produced, it will bo found 
below the matte and above the button of lead. 

Slag Pots.—The oldest of all forms of slag pot is that shown standing 
beside the Castilian furnace in Fig. 74. This form is still commonly employed 
in German, Spanish, and other Continental localities. 

An old American slag pot is that shown in Fig. 132 ; the wheel is of the 
compression-spoke type, the spokes being of wrought iron, the rim and hub 
■of cast iron. Lubrication is always a difficulty with slag pots, even when 

plumbago is used, and, accordingly, 
modern small slag pots are nearly 
always fitted with roller bearings,* 
the rollers being of cast steel from 
3 to 34 inches long and from f to | 
inch diameter. The bottoms of the 
pots usually get worn through in 
about eighteen months, and to avoid 
Fig. 132.—Blag Pot (old form). throwing aside the pot as worthless, 

Terhune f devised a form with 
movable bottom, which is illustrated in Fig. 133. Another arrangement 
for \vorn-out bottoms, formerly used at the Parrot Works (Butte, Mont.),J 
is shown in Fig. 134. It consists of a cast-iron false bottom held in place 
by a countersunk -|-inch bolt with large cup-shaped washer, if necessary. 
It is customary to use new pots for slag, and worn-out ones with the false 
bottom for matte, producing a somewhat truncated cone which is more 
easily broken up than the pointed form. 

All the above pots have the simple compression-spoke wheel which, accord¬ 
ing to the author's experience, so soon gets out of order that a plain cast-iron 
wheel properly proportioned is preferable where a foundry is accessible, since 
it can be made just as light; it should have a f-inch wrought-iron tyre shrunk 
on to protect the rim.§ Another form of wheel is shown in Fig. 135 with 
alternate sockets, and, perhaps, as good as any is that described by Keller, || 
and shown in Figs. 136 to 138. It consists of a cast-iron hub with wrought- 
iron spokes and tyre, and, like most modern wheels, runs on steel roller 
bearings. The hub is tapped to receive the threaded ends of the spokes, 

V. the Terhune pot, Fig. 133. t Terhune, Tram. A.I.M.E., vol. xv., p, 92. 

J Keller, Tram. vol. xxii., p. 574. 

§ Cast-iron wheels are used by the smelters at Port Pirie and Port Adelaide 
handling Broken Hill ores. ‘ IjHofman, op. cit., 1906, p. 266. 
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wliicli are of indies round iron, and each of which has a jam-nut to tighten 
it after the spokes have been adjusted to exactly equal lengths. The wrougiit- 
iron tyre is shrunk on and fastened to the spokes by means of countersunk 
rivets. The splash guards, shown in Pig. 138, prevent the liquid slag from 
spilling on the hubs. 



Eig. 133.—Slag Pot (Terhuiie’s). Fig. 134.—Slag Pot used 

at Parrot Works. 


When the slag is left to cool in the pots so as to be broken up and sorted 
by hand, a large number of pots are required (at least twelve for each furnace 
smelting 40 tons per day, or more in proportion to the increased capacity) 
and the wear and tear on them is heavy, while the separation is very in¬ 


complete, many small shots of matte being retained by 
the slag. Most of the shots, however, are contained in the 
outer portion of the cooled slag, the central core being 
much poorer, and upon this fact is based the catch-pot 
system of Devereux, still to some extent in use. Pigs. i36 
to 138 show one very good form of catch pot with roller 
bearings and the Keller patent wheels, the axles being 
fastened by wedges instead of by setscrews; besides the 
ordinary splash guards, S, it has a projecting lip, L, to take 
the wear in tipping. At 6 inches above the bottom is a 
taphole 1|: inches in diameter, surrounded by a ring and rib 
reaching the projecting lip in order to protect the pot against 
injury when the interior slag is tapped by driving a square- 
pointed |-inch steel bar through the cooled crust. In this 
way a crust of chilled slag is recovered for resmelting 
which contains most of the matte shots, while the cake of 
matte at the bottom of the pot remains undisturbed even if 



Fig. 135. 
Slag-pot Whee. 


still fluid, which it does not do when an attempt is made to pour out over 


the rim the interior fluid slag after the crust has solidified. 


As regards the surface of the dump, some metallurgists recommend laying 


•down tracks of narrow cast-iron plates for the slag pots to run upon, in order 
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to save labour in pulling the pots considerable distances. The ordinary way^ 
however, to keep the surface of the dump smooth and hard is by levelling a 
series of squares about 3 feet across with pieces of sheet iron and filling with 
molten slag, this work being always kept up as the dump advances. 

As the size of the furnaces and the distance to the edge of the dump 


Fig. 136. Fig. 137. 

Slk" 



ScatJe. of feet 

ins 12 e 0 I 2 


Fig. 138. 

Figs. 136 to 138.—Catcli Pot. 

increase, handling in small pots becomes altogether too expensive, and it 
becomes necessary to use larger pots running on rails and drawn by horses 
or by locomotives. These larger pots are of two general patterns, single and 
double. 



Intermediate between the hand-pots and those which cannot be handled 
except by horses, mules, or locomotives, may be described the Bennetts-Jones 
slag pots, shown in Fig. 139. These require tracks (although the wheel-base 
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Figs. 140 to 143.—^Nesmith Double Slag Pot and Truck. 
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is SO short that they will take quite sharp carves), hat they may he handled 
singly if required hy one powerful man or two lighter ones ; when handled hy 
horses they are made ap into trains, as shown in !Fig. 139, coapling^ hars 
(which, when not in ase, rest upon the square axles) dropping into position as 
the first pot is moved, and so automatically coupling the others. The great 
advantage of this pot (which holds 1,600 Ihs. slag) is that the scoop shape 
damps the mass of cooled slag much fether from the track than when other 
patterns are used, and so facilitates keeping the slag-dump in order. The 
body of the pot is ordinarily made of cast-iron, bat the author has found it 
pays to make them in cast steel, on account of the much longer life so secured. 

Of large slag pots requiring horse- or motor-traction, one of those in most 



Fig. 144.—Large Slag Pot-truck, with removable Round Pot and fixed Trunnion Ring. 

common ase in Colorado is the Nesmith doable pot-track shown in Eigs. 140 
to 143. Each pot has a capacity of 7| cubic feet, and holds, when not quite 
full, about 1,280 lbs. of slag, the total weight of track, pots, and contents 
being 5,000 lbs. The pots are filled in the same position in which they travel, 
and are only slewed round on the central pivot to damp their contents. The 
slag is delivered at a good distance from the track, which is convenient when 
molten slag is tipped and shells saved, bat the rather long wheel base makes 
the pots unhandy about a row of furnaces. Larger pots of similar bat 
improved pattern were until recently in use by the Broken Hill Proprietary 
Company. 
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At most recently buUt works large single pots are in use, and are handled 
by motor or locoinotiye power. Mg. 144 shows a large round pot in tilting 
position, the peculiarity of which consists in the fact that the pot itself is 
removable (and, therefore, renewable when worn out), being attached to the 
fixed steel trunnion-ring by means of wedges. Hand-driven worm gearing 
IS used for tipping; the capacity of the particular pot figured is 26 cubic 
feet, or somettung over 2 tons of slag, but much larger pots are made holding 
up to as much as 26 tons of slag. A larger elliptical pot with the same kind 
of tipping gear is shown in Fig. 145, its capacity being 6 tons of slag. 



Fig. 145.—Large JClKptieal Slag Pot and Truck. 


SEPARATION OP SLAG PROM MATTE. 

of Matte.-The original method of separation 

of matte feom slag, still to be seen in many German, Spanish, aM other 

whLh^fl'^qou ^ together in long conical slag pots in 

effected by density during the cooling process^ ^When 
solid throughout the cones arc mverted, and when cold the t^s are knocked 

skg ^ mh theii^°’“"-'’ sorted from the clean 

slag. _ With the increase in viscosity of the slag caused by higher lime alumina 

and zinc contents, and with the greater care in checking losses caused by keen 
competition among smelters, it became necessary more than twenty yearn ago 
nT- separation of slag from matte than is afforded by any me?e 

adopted may be 

btmS^i 7? classes—A, Those in which separation is sought to be 

i Lf and B f’^’iace itself, the so-called slag- and 

S fcmee ^ separation takes place quite away from 

Slag and Matte Taps.—As examples of this kind of separating device 
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may be described tLc so-called “ internal forc-heartlia/’ or matte taps, of 
Mattbewson and Euricli (in use at Pueblo and Aurora), and that used at 
Broken Hill. The principle in all is the same—namely, tlu‘ addition to the 
front of the furnace of a cast-iron water-cooled or iirebric.k lined box, the 
bottom of which is open to the slag, while the inner sidi‘. is formed of a water- 
cooled ‘‘damplate'’ or tymp.'’ The slag flowing under this diaphragm 
forms a quiet pool above the level of the tuyen\s, thus thoroughly 
trapping the blast at all times, and overflows through a spout as fast as made 
into an ordinary settling pot, which catcluvs any sliots of matte earricai over, 
and is changed every few hours. From this scuttling pot, tlH‘ slag overflows 
into ordinary slag pots and is conaider<‘d clean tuiough to throw away. As 
soon as matte is seen to come over with tlu‘ slag from tlu‘ upptu' spout a 
lower taphole is opened, and a potful of matt(‘ allowed to run out. 



me/rntm 0 


Sgsftt (ft 

t a 

1 _1.-.I. 


J 


FigH. 140 and l47.-"MatlhewHon Matte Tup, 


The “internal foreluairtli,*' or matte-tap, of Matthewson is illustrated in 
Figs. 146 and 147,* which show plainly tlui east-iron damplat.e, B, with its 
|-iach gas pipe cast in, as well as the*, mattt^ and slag spouts. Figs. 148 to 
153 show the Broken Hill form of slag tap, in which the end jacket itst^lf forms 
the back wall of the separating box, th(‘. front laung formtal of a single coasting, 
bolted on and cooled by the usual |-inch gas pipe east in. 

This method of matte separation works most satisfactorily when the slags 
an^ fluid and do not chill too rapidly ; highly ziiunfcTous slags, how<*.ver, are 
not well cleaned, and in order to work satisfatdiorily the, dimensions of the 
furnace should be such as to pass a minimum of 60 tons slag per twenty-four 
hours under the damplatc. 

The matte taps above described form a (xmvenient means of separating 
^ Goto, vol. ii., Ho» 1, p. 40; al«o Min. Ind., voL iii, p. 436. 
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tlie major part of the matte produced, but they do not succeed in producing 
matte-free slags, and, therefore, for good work, they must be supplemented 
by some one of the methods of outside separation next to be described. This 
fact, coupled with the further fact that the minute globules of matte carried 
by the slag settle more readily the greater the surface of matte underlying 
them, has led a majority of metallurgists nowadays to discard altogether 
interior separation by means of matte taps, and to rely upon exterior separa¬ 
tion exclusively. The following methods of outside separation may be 
described:— 

1. The Overflow Pot.—This is usually more or less of the slag-pot form 


Fig. 148. Fig. 149. 



Fig. 150. . t -l . ,. . . . i „ .,i . Fig. 151. 

Figs. 148 to 153.—Broken Hill Matte Tap. 


but much larger, and provided with a cast-iron spout through which the slag 
can escape after depositing the greater part of its matte. Sometimes a cast- 
iron cover is provided, but generally a simple crust of slag is allowed to form 
over the top to prevent rapid chilling of that below. The greater portion of 
the matte collects in the bottom of the pot, whence it may be tapped through 
a ring-protected aperture ; or, if in insufficient quantity, by allowing the over¬ 
flow pot to cool and breaking up its contents. 

2. Large Crane-handled Settling Pots.—The Livingstone system 
described by Austin * as in use at the Grant Works (Denver) was figured and 
* E, and M. J., Nov. 23, 1895. 












S c c t i o ri. 

Fig. 154. —Fon^H'arth (tuwi iron). 
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described in tbe first edition of this work, and was seen in use by the author 
so late as 1902, but is now obsolete, and the works where the method 
flourished are now dismantled. 



Fig. 157. 



Fig. 158. 

Figs. 156 to 158.—Matte Overflow Forehearth. 

3. The Porehearth or ‘‘ Settler.”—This appliance^ consisting in ithe 
main of a cast-iron box on wheels, is in use at a large number of modern 
works in various sizes, ranging up to 300 cubic feet capacity. 
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Eigs. 154 and 155 show a rectangular forehearth of about 60 cubic feet 
capacity, built of ribbed cast-iron plates with a brick lining, whicli takes to 
pieces, and is very convenient for small furnaces (say up to 100 or 120 tons 
charge per twenty-four hours). 

Another form of forehearth which to the advantages of exterior separation 
adds that of separate overflow of clean matte, and complete protection of 
all the small globules of matte from oxidation, whereby efficient settling and 
coalescence are promoted, is the so-called Oxford forehearth, one form of which 
is that of the Hall Mg. and Sm. Co. (Nelson, B.C.).* This forehearth, illus¬ 
trated in Eigs. 156, 157, and 158, consists of an L-shaped cast-iron box about 
30 inches long, either hned with tiles or water-jacketed, according to the con¬ 
ditions, of a depth equal to the depth of molten material in the crucible of 
the furnace, provided with a water-jacketed partition reaching to within a 
few inches of the bottom, and with two spouts on opposite sides of this division, 
one for the matte and the other for the* slag^ In the Eigs., E is the furnace 



tap-jacket, and E the opening in same ; L is a groove in the cast-iron plates 
forming the forehearth tamped with clay to make a joint, M is the water- 
jacketed division, and N the opening in the bottom of same through which 
matte alone can pass from the larger division into the smaller one, 0 and P 
are the slag- and matte-spouts respectively, V is an emergency taphole for 
tapping out any lead which may come over with the matte, or for emptying 
the forehearth and the furnace when necessary. The whole apparatus rests 
upon wheels which run on two rails placed at right angles to the furnace; 
according to the inventor it will run for two or three weeks without attention, 
and, unlike any other forehearth or device for automatically separating matte 
from slag, it will give good results with as little as 8 tons of matte and 50 tons 
of slag daily, even when the slag produced is high in iron and in zinc and 
low in lime. 

* Harris, E. and M. J., Jan. 27, 1906, p. 178. 
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To make a joint at starting when tke forekearth. is jacked np into close 
contact witk the furnace, fireclay is tamped into tke groove, L, but any leak 
of slag quickly cbills in tbe crack, and the joint thereafter gives no trouble. 
The height of the various overflows depends upon the height of the charge 
column and the blast pressure carried in the furnace, but the amount of over¬ 
flow at any given moment is to a considerable extent under the control of 
the furnaceman. 

By a little attention the overflow of matte from this forehearth can be 
made nearly continuous, or by the use of a clay dam single potfuls of matte 
can be drawn ofi at any desired short interval. 

Figs. 159 to 162 * show the much larger rectangular forehearth in use at 
Laurium, the casing of which measures 10 feet x 6 feet 6 inches X 4 feet 
6 inches in depth, and holds inside its lining of chrome-magnesia brick about 
200 cubic feet or over 20 tons of slag and matte. Figs. 159 and 160 show 
the general arrangement of the forehearth with regard to the furnace; the 



lnchii3f2 3S 3 0 I 2 3 4 SFeel 

-.. ■ ■ , ■ ., .. . I , , . I 

Fig. 160.—Longitudinal Section through Forehearth. 

tapping jacket and water-cooled spout have been already described and 
figured. Figs. 161 and 162 show details of the bogie truck, &c, The casing 
of this forehearth is of f-inch mild steel, :^esting upon 4-inch I-beams to get 
the advantage of air-cooling, these in turn being supported upon a heavy 
cast-iron bed plate. 

The newest furnace at Laurium is to have a still larger fixed forehearth, 
circular, and 12 feet in diameter inside the refractory lining, like those em¬ 
ployed in connection with copper blast furnaces. The arrangements at 
Laurium for controlling the flow of molten products into the forehearth above 
figured are novel.f The stream of slag, matte, and speiss issues from the 
furnace through the phosphor-bronze tapping jacket, detail of which has been 
shown in Figs. 113 to 115, into the water-jacketed spout, 7 feet 3 inches long, 
shown in section in Fig. 159. This spout replaces others of cast iron which, 

* Private communication, L. Guillaume, 1908. 

+ See brief description by the Author in the E, and M. J, of May 1, 1909, p. 882. 
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whether used bare ox lined with magnesia brick, were rapidly cut out by the 
hot speiss; details of its construction are shown in Figs. 163 to 166, from 
which it win be seen that it consists of two sections with independent water- 
supply, each formed wholly of copper plate, J inch thick on the inside and 
J inch thick on the outside, with the seams all brazed, and no seam being 
exposed to heat; each section has two hand holes for cleaning, and a balQBle 
along the bottom forces the water to circulate right out to the end. Fig. 167 
is an elevation of the tapping jacket and spout. 

Instead of adjusting the flow of slag from the breast by means of iron 
dollies or an attendant with clay balls, the control has been rendered nearly 
automatic, and the flow perfectly regular by means of the water-cooled plug 
shown in longitudinal section in Fig. 168, and in transverse section in Figs. 
169 and 170. The plug consists of a length of weldless solid-drawn steel 
tube, 1J inches internal diameter by inch thick, with a hollow spherical 
point of cast copper, fV thick at its thinnest part, screwed on to its end. 
Inside the steel tube is fixed axially a thin tube of sheet brass, f inch internal 
diameter, with its point flattened horizontally, and extending nearly out to 



the inner surface of the globular copper point; by means of an appropriately 
shaped cast-iron head and connections of india-rubber tubing a stream of 
water is made to circulate inwards through the brass and outwards through 
the steel tubing. The whole arrangement is held by means of glands in the 
centre line of the tapping jacket, in such a way that by a gentle tap with a 
hammer it can be either pushed in ox drawn out, thus restricting or enlarging 
the area of the annular ring between the rounded point of the plug and the 
tapered hole through which the molten products issue. 

Perfection of Separation in Forelieartlis.—^With low-grade lead 
bullion, carrying not over 0*2 to 0*35 per cent, silver, or say 60 to 90 ozs. 
silver per ton at the outside, a single separation, as carried out in these large 
forehearths, is amply sufficient to secure slags low enough in silver to throw 
away. With an ore charge richer in the precious metals, however, yielding 
high-grade lead bullion, the slags, after passing through one such forehearth, 
stfll carry with them in suspension minute globules of matte, sufficient to 
raise their tenor in silver to 1 oz. per ton or over; this is more particularly 
the case when the viscosity of the slag is increased by high alumina contents, 











222 


THE METALLURGY OF LEAD. 


and still more so wlien mucb. zinc sulphide is present in the charge, the evil 
effects of the latter substance being felt not only in increasing the density and 
viscosity of the slag, but in forming a large quantity of comparatively light 
matte, which separates badly from the slag. 

Since nearly all custom smelting plants of any size turn out a work-lead, 
the precious metal contents of which are worth much more than its lead 
contents, common figures for American and Mexican plants being from 200 to 
300 ozs. of silver, besides from one to several ounces of gold, and since such 
high-grade work-lead is always acc*.ompanied by a matte of c.orrespondingly 
high grade, the separation of this matte as thoroughly and c.omplet(‘iy as 
possible becomes a matter of the greatest economical importance. Nearly all 
modern works, therefore, have adopted one or other of tlu‘, two following 
systems, viz. 

1. A double separation conducted first in a rcH‘ta,ngiilar forehearth of large 
dimensions in front of the furnace, in which most of the mattt‘, s(‘.ttles out, to 
be tapped at intervals into pots, and subsequently by scd-tling in large', slag 
pots, the shells of which, containing most of the remaining small globules of 
matte, arc saved for resmelting. 

2. Single sc'paration by mc'.ans of the reverberatory slag stparators, first 
introdncccl by Rhodes at Leadville, and subsequently adopted at the (Jlobe 
Works (l)tnver), at Monterey (No. 3 plant), and at tlu', new works at El Paso 
and Salt Lake City. 

The double separation in forehearths and pots is wc'll exiunplified at San 
Luis Potosi,^ Slag and matte issiuj together into long Corc-.iu'.arths of cast-iron 
plates with, wrouglit-iron hooks cast in for lifting of!, and bloc'.ks or lugs (‘.ast 
upon the bottom plat(^ so as to hold the sides in ])osition, and forxning a box 
6 f(U‘.t X 3 fec't X 30 ine.hes at top with inclim^d side's flaring downwards. 
The high wlniels are prote^cted against droppings of slagbyme'ans of cast-iron 
covers scTewed on to the', baaei-plate. Matte is tapped at inUu-vals from the 
forelujarth into shallow bowls, whicii rt'st in a circular hole in the top plate', 
of a low truck running on a trac‘/k uniform with that of the': slag pots and 
forclmartliB. Tlu' slag from the forelu'arth, in whie;h mewt of the', matte', has 
separated, e)V(‘.rflowB into 33 cubic fe'e'.t (3 tons) elliptie^al slag pots, which are 
provided with a taphe)le and spout nc'.ar the?. l)otte)m. Tlu^se are', pullc'.d out 
to the dump by a mule, and, afte'X standing fe)r a period of from tern to tweiuty 
minutes (varying aeicording to the^ temperature', and degree', of fluidity of the', 
slag made at any give'.n time'.), the slag is tappeul e)ut and the pot is run back 
to a dumping platform, where the', shell, varying from 1 to 2 ineJu's in tliic‘kne‘.SB 
at the sides up to pe'xhaps b inedies on the', bottom, is dumpenl, brokem up, and 
shovelled inte) iron cars, which arc pulle'.d up an incline', to a hopper above', the 
fe',ed floor by means of a wire rope and friediem drum. Tim pot-shedls contain on 
an ave'.rage'. itom 7 to 10 ozs. of silver pe'x ton, and frejin U te) 3| per eu'.nt. of 
le^ad, (‘.ontained in the small shots of matte and bulliem which have gradually 
coaleBc.eM and se^ttlcM out, the', average contents of e'.ach shell be'ing enough to 
give it a ne'.tt value for rc'.smc'.lting of about SL(X) U.B. Cy., while', the (jost of 
handling is trivial The'- matter bowls are's take'.n to a matte*- yard, wherei tlmre'. 
is a fixe'xl derrick, and before', the matte', se'-ts a hook is inserte'.d in e'ach. When 
set the^ dexric-k lifts out the blocks of matte, which are*, sle'dge'd, and then 
sprinkled in piles to weather them so as to facilitate the crushing. 

* Prlmic NotrMf H)02. 
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The double separation in forehearths is also carried out at, amongst other 
places, Murray and Bingham, At the latter plant the overflow slag from 
the forehearths is received in large Nesmith single pots provided with Devereux 
tapholes; these are tapped on the dump, and all the shells are saved for 
resmelting. One advantage of the tapping is that it makes sure of saving 
the matte should there be, owing to carelessness in not tapping the fore¬ 
hearth at the proper time, a considerable quantity in one or more slag pots ; 
whereas when the pots are dumped to save the shells there is always the pro¬ 
bability that any quantity of matte would remain melted owing to its low 
freezing point in the bottom of the pot, and be thrown away with the waste 
slag. 

4. The Reverberatory Settling Furnace.—Messrs. Rhodes, late of the 
Arkansas Valley Works (Leadville), and lies, of the Globe Works (Denver), 
have worked on the principle of an external source of heat for keeping the slag 
perfectly fluid, so as to give shots of matte a better chance of settling out. 
In both plans the reverberatory (which should preferably in a large works 
be duplicated to allow of cleaning out and repairing from time to time) has 
a separate fireplace, is water jacketed, is situated at a distance from the fur¬ 
naces, and has separate tapholes for slag and matte, the latter being low down 
on one side near the firebox, while the former is either on the opposite side 
(Rhodes) or at the far end (lies). 

In the Rhodes separator (Arkansas Valley) the slag from the furnaces is 
brought in hand pots and poured in through a lip at the end, the shells (10 per 
cent.) being returned for resmelting. The capacity of the furnace is 100 tons 
of slag, which comes direct from the slag tap of the furnaces, it being found 
that the ore-matte is required in order to collect and settle that carried by 
the slag in suspension. The slag is tapped every half hour into a train of 
Nesmith double-pot trucks drawn by a locomotive ; the matte is tapped into 
hand pots and granulated for roasting. 

At the Globe Works,* where the lies separator is used, the slag from the 
furnaces is tapped at intervals into a large and long settling box of 120 cubic 
feet capacity with a side taphole for matte, which at these works is 8 to 12 
per cent, of the charge. The slag falls into double-pot trucks, which are 
pulled uphill away from the furnaces by a mule, drawn up by means of a 
steam winch and wire rope to a platform of I-girders over the separating 
reverberatory, which has in its roof a square cast-iron hopper to guide the 
charge of molten slag. One of the blast furnaces is unprovided with settling 
box, and from it the whole of the slag and matte are tapped together and 
brought to the reverberatory for separation, the matte so brought amounting 
to 3 tons per day out of a total of 8 tons yielded by the reverberatory. The 
slag-matte is found to be 4 or 5 per cent, richer in copper and proportionately 
richer in lead and silver than the ore-matte. 

The following points should be noted in connection with slag-settling 
reverberatories :— 

1. They should be built of good firebrick with extra thick walls com¬ 
pletely encased in IJ-inch plates and strongly bound; the hearth should be 
built inside a complete wrought-iron pan to keep leakage as low as possible ; 
as it is impossible to make this completely lead tight, lies recommends below 


Private Notes, 1897. 


tiles, E, and M, J., Dec, 9, 1899, p. 695. 
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it at least 6 feet of well tamped clay in layers, as being more impervious than 
tbe ordinary brick foundation, followed by about 1 foot of red brick. 

2. Although it is unnecessary to water-cool the side walls of the furnace, 
the bridge should be cooled either by a water-jacket (Rhodes) or by several 
independent 3-inch pipes running through it from end to end, each having 
its own water supply. 

3. Pot-shells should never be put in, and the temperature should be kept 
as even as possible, firing small quantities of coal at frequent intervals. 

4. The tapping block for matte should be a heavy block with water pipe 
cast in, and should be kept as close in to the matte bath as possible to make 
easy tapping, pine plugs being used if necessary. The matte sliould never 
be tapped out dry, a pool of 5 to 8 tons being always left in the bottbm. 

The capacity of the reverberatory settler should be so proportioned to 
the slag output of the blast furnaces as to allow an average of from forty-five 
minutes to one hour for settling. As the slag cools but little in transit from 
the blast furnaces, the consumption of fuel is small, not over about 1 per 
cent. 

At the Arkansas Valley Works slags entering the separator averaged in 
1896 0*9 per cent. Pb and 0*8 oz. Ag per ton, those leaving it averaged 0*6 per 
cent. Pb and 0*5 oz. Ag per ton, showing an average saving of 0*3 per cent. 
Pb and 0*3 oz. Ag per ton. 

At the Globe Works in 1898 * the cost of handling 237,892 toils of slag 
in two separators was per ton—Labour, 4.Gc., coal 2.()5c., repairs (labour and 
materials) 2.2()c.; total, 9.5Ic. per ton (of 2,000 lbs.) slag passed through. 

The saving effected was as follows 



ABsayH. 

ConteatH. 


Percent. PI). 

Oz. Ak- 

L1)h. PI). 

Oz. Ak. 

81ag entering settler, 

0-(!7 

0*88 

3,173,‘109 

208,816 

Slag leaving ,, 

0*37 

0*55 

1,753,937 

130,191 

Saving, . 

0*30 

0*33 

1,419,47*2 

78,725 


The value of the saving effected was- 


Gross saving, . 
Less cost, 


OollarH. 

86.73B 

22,625 

64,113 


Per ton, 
(JtnitH. 


36*5 

9*5 

27 


Even assuming some tendemey for the assays to favour the separation, 
owing to the samples of slag entering carrying occasional globules of 
matte, the resulting saving is a remarkably good showing. 

One of the most complete slag settling arrangememts known to the author 
is that at the No. 3 Smelter, Montereyf (Mex,). At these works the whole of 


* lies, loc. cit. 


t Private Notts, 1902. 
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the slag and matte from each furnace is tapped at intervals into large 6-ton 
round slag-pots standing on tracks of 3 feet 6 inches gauge, which, starting 
out at right angles to the furnace building, all come together at the separator. 
When one of the 6-ton pots is full a small locomotive drags it uphill to the 
separating furnace, while another is braked downhill to take its place. The 
molten slag is poured into the furnace through a lip at the end opposite the 
grate, and underneath the flue. The shells of the 6-ton pots when too thick 
are turned out, broken up, and wheeled into the boot of a bucket-elevator, 
which raises the slag to a hopper above the feed floor. One furnace will 
easily take over 1,000 tons of slag per day, which is the production of the whole 
plant, so that having two furnaces in use it is easy to make the slight repairs 
to lining which are required about every fifteen to twenty days. 

The slag-tap is situated on one side of the separator furnace near the 
bridge end, and consists of a heavy (4 inches thick) cast-iron plate, not water- 
cooled, and with a 4-inch hole in it. The cleaned slag is tapped almost con¬ 
tinuously from it into trains of four elliptical slag pots, each holding 4 tons, 
and handled by a small locomotive. The matte- and lead-taps are situated 
one below the other on the opposite side of the furnace to the slag-tap and near 
the bridge. Matte is tapped about every three or four hours from a similar 
tapping-block into a large and deep round pot, which holds 7 or 8 tons when 
full. It is pulled out by a locomotive, and taken to a dumping track where, 
by means of screw gear, its contents are poured from a lip into 10 or 11 hand 
pots of about 700 to 800 kilos, capacity, which are handled on an iron-plate 
floor by three men, and dumped to cool, after which they are broken up and 
taken to the crusher. The average production of matte from ten furnaces 
is 50 to 60 tons per day. Lead is tapped once a day from a taphole below 
that used for matte, and is brought with the matte to the dumping ground 
and poured into the hand pots. A hook is inserted into each of these, tlu^ 
cake of matte lifted off when set, and the lead is ladled into moulds. The 
coal consumption is 8 to 10 tons per day for each furnace, or about 1 per 
cent, on the weight of slag handled, as at the Globe works. 

At Mafimi (Mex.), owing to want of fall in connection with reverberatory 
settlers, the new furnaces are furnished with a novel arrangement for handling 
the slag.* Instead of a forehearth, each furnace delivers slag and mattt^ 
together into a large 5-ton pot resting by means of trunnions on the lower 
ends of two short, heavy rails, forming an inclined track, which terminates 
in a pit below the slag spout. A long bail is attached to the pot, and when 
full the hook of an electric travelling crane is hooked into the ring on the bail, 
and the pot is pulled up the incline, swung clear, and carried to the short 
charging spout of the 80-ton reverberatory settling furnace. Here, by means 
of another chain hooked into a ring near the bottom of the pot, the contents 
are poured into the furnace, the pot is raised, taken back, and skidded down 
in front of the slag spout again. 

Arrangements for reverberatory matte separation more or less similar to 
those described are in use at most of the newer plants, including those at 
El Paso, Salt Lake City, &c. 

One of the great difficulties in the way of effecting complete separation of 
matte from slag is the presence of zinc sulphide, which, as has been already 
noted, tends to separate and form a mushy layer between the slag and the 
, * EJ. ami M. yol. IxxxvL, Aug, 22, 1908, p. 374. 
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proper matte. The tendency to form this separate layer when the propor¬ 
tion of zinc in the charge is considerable is more noticeable when the lime in 
the slag is high and the iron low, partly, no doubt, because the specific gravity 
of the slag is then low, giving the zinc sulphide a better chance to settle out 
from it. It is often necessary, when working on zinciferous charges, to 
provide an extra taphole intermediate in level between those of the matte 
and slag, through which this mushy zinc matte may be worked out after 
tapping the slag down low. When old tin cans or other scrap iron can be 
obtained, part of the zinc sulphide can be decomposed by adding them to the 
forehearth or reverberatory settler, the iron taking up the sulphur to form 
matte, while metallic zinc is vaporised and burnt. 

An additional precipitation of part of the metallic contents of the slag 
carried in suspension or solution can be obtained by feeding together with it 
into the forehearth or reverberatory settling furnace a small proportion of finely 
divided metallic iron in the form of turnings, borings, or thin sheet scrap, or 
clean iron pyrites. Both act in the same two ways—namely, by precipitating 
copper, lead, and the precious metals from their compounds in solution, and 
by collecting the small suspended globules. The use of finely-divided iron 
scrap in forehearths for the above purpose was first introduced by the author 
in 1890,* and his experiments at a somewhat later date proved that finely- 
divided clean pyrites was even more efiSicacious as a precipitant and collector, 
the only drawback to its use being the very low grade of the matte produced, 
the flux value of the iron in which, however, apart from the metallic con¬ 
tents recovered, will often pay for roasting and resmelting. At the works 
where the author's experiments were made, the practice never became 
standard, because clean barren pyrites was not available in quantity. Under 
suitable local conditions, however, such precipitation of the metallic contents 
of slags by barren pyrites may become an important feature in the local 
treatment. 

Slag Grranulation.—This method of disposing of slag, although not so 
commonly employed in lead smelting as in matte smelting plants, may be 
utilised to great advantage when water is plentiful, the fall great, and other 
conditions suitable. In order to prevent the formation of little balls or 
bombs of slag, which sometimes explode, it is important that the stream of 
slag should not fall into the water from a height, but should overflow from 
the spout quietly into a stream of water, preferably issuing at a considerable 
velocity. If the granulated slag has to be conveyed any considerable distance, 
it is essential that heavy iron troughs (preferably of cast iron) should be 
employed, since the stream of slag granules soon cuts through ordinary sheet 
iron. A slope of ^ inch or even J inch to the foot is amply sufficient to carry 
the slag any distance. At the Hanauer Works (Utah),f the trough was 
150 feet long, 2 feet wide, and 6 inches deep inside the cast-iron bottom, 
which was 1 inch thick.' The pitch of the trough was only J inch to the foot, 
and with a 13-foot head, a small supply of water in addition, to that from 
the jackets was sufficient to carry the slag from four furnaces to an elevator 
pit, whence a belt elevator with sheet-iron buckets raised it into a storage 
bin above the railroad track. 

Even without the help of extraneous water, it is possible to granulate slag 

* V. Proc. Inst. Civ. -Eng., vol. cxii., pp. 151 and 152. 

+ Private Notes, 1897 ; also Terhune, S.Q.M'., vol. xv., p. 108. 



BLAST-FURNACE LEAD SMELTING—PLANT. 


227 


Veij satisfactorily by means of tbe jacket water only, tbe condition essential 
“to success being that tbe stream of slag shall be delivered upon that of water 
already flowing in the same direction. This end is attained in a simple 
manner by the M‘Arthur trough, in use at Sudhury, and shown in Figs. 171 
to 173. Fig. 171 is a side view of the trough in front of the forehearth, which 
is mounted on wheels so as to be readily removable when changing forehearths. 
The trough is in two parts, and details of its upper section, which does the 
granulation, are given in Figs. 172 and 173. The granulating water, which 
is only the overflow jacket water, enters the lower part of a double trough 
by means of a rubber-lined hose through the pipe connection shown, rises 
through an opening at the head of the trough, and is turned back to flow 




Transverse Secfion. 



Fig. 173. 


Figs. 171 to 173.—M‘Arthur (granulating Trough. 


over the bottom of the cast-iron inner trough by a heavy cast-iron deflector 

2 inches thick. The stream of slag from the forehearth falls from a short 
spout upon the deflector, and is delivered in a thin layer upon the stream, 
•of water. But little steam is formed, and the slag granulations are compara¬ 
tively coarse. The capacity of the apparatus with 60 gallons of water per 
minute, is 150 tons of slag per twenty-four hours, or, say, 1 ton of slag for 

3 tons of water. 

At the works of the Mond Nickel Co.,* the slag from a furnace smelting 
250 tons per twenty-four hours is granulated by a stream of water under 
20-foot head; and, no fall being available, the mixed stream is forced forward 
*Hixon, E. and M. J,, Sept. 22, 1906, p. 553. 






228 


THE METALLURGY OF LBiAD. 


througli a S-inch pipe by means of a stream from a pump issuing 
through a nozzle of iRches in diameter under a head of 100 lbs. per 

square inch. 

At Laurkim the stream of slag leaves the forehearth by means of the two 
water-jacketed copper spouts shown in Fig. 158, which are similar in their 
construction to those illustrated in Figs. 162 to 166. Each of these is used 
alternately, and under each and at right angles to it, as shown in the plan 
and section of the arrangement, Figs. 174 and 175, is a heavy cast-iron trough 
in which tlie stream of slag falls upon three streams of water issuing from 
dattened nozzles arranged as shown in Figs. 176 and 177. These nozzles are 
fed only by the water from the jackets, &c., which is ordinarily found to be 
more than ample for the purpose, but an additional jet of watiu* under pressure 
is provided for use in enu'rgencies. The slag is broken up by tlu^ j(‘ts into 
granules, the average size of whi(di is about 1 mm., the largest grain not ex¬ 
ceeding 2 mm. Each launder discharges into a sheet-iron hopper (uipable of 
holding 8 tons, and furnished at the point with a Hat slide valve moved by a 
rack and pinion. These hoppers take alternately the whole stream of slag 
and water, the latter overflowing at one side, while the fornuu' accumulates. 
When on(‘. hopper is full the stream of slag and water is diverted to tln^ other, 
and the full one is allowed to drain for five or ten minuti's by means of a per¬ 
forated section at the bottom immediately above the valv(‘: after which the 
valve is opened by means of a hand wheel on the pinion shaft, and the contents 
of the hopper are dis(‘harg(»d into a waggon holding 8 tons. Two labourers 
per shift sullict^ to handle the slag from tln^ furnaca', when smelting 300 m(‘tri(‘ 
tons per day, besides brcaiking up and loading all the matte and sptdss pro- 
ducicd. 

On(‘ incidental advantage of granulating slag is that accurati' sampling 
is facilitated, and even when no particular economical use can bt‘ found for 
it, the material is handhal, dumped, &c., more cheaply than is hot molten 
slag, while the wtair and tear on trucks, tracivs, is much lighttT. 

Matte-handling.- At some old-fashioned plants matte is still tappcal from 
the foreliearth into ordinary slag-pots, in which it is left to cool and is then 
turned out and brokmi up. Th(‘ matte, however, has a great tendemy to stick 
to the pots, even when they are elay-waslnal ladAveen tappings with th(‘. utmost 
care, and the conBe(|uent damage to pots through sledging is great, while 
the sledging up of the thick matt(‘-cones involves (ionsiderable labour. A far 
better plan, therefore, is to use flat moulds, the depth of whi(ii is small in 
proportion to their area. Figs. 178 and 179 * show the. Ehodtm matti^-shell 
first introduced for this purpose by Rhodes at the Arkamaa Vallei/ Works 
(Leadvillc). The matte cools so quickly as to b(‘, comparativedy brittle, and 
the risk of adhesion to the shell is at a minimum. Bucli small hand shells 
are, however, only suitable^ for handling a small output of matt(L For a 
large output, whether from fondueirths or furnaces, the arrangement in use* 
at Selby (Cal.) f is most convenient. The slndls or moulds shown in Figs. 
180 to 182 are of mild steed, | incdi thictk, pressed into shapes, by hydraulic^, 
pressure, and are said to last well; tliey cost about 2d. per lb., or, say, 
37s. 6d. per mould. Two single moulds arc^ placed side by side upon thc^ 

* Braden, Tram, Amer, IrinL vol. xxvi., p. 38. 

and M. Feb. 1, 1908, p. 254. 
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trucksjsliown in^Figs. 183 and 181, wliich are pulled along by a booked rod 
while tbe stream of matte is still running, so as to fill one mould after another; 



Fig. 180. Fig. 182. 



Pig. 181. 

Figs. IhO to 182#-—Pn^BHCxl Steel Matte Moulds. 


-or even, if rc(}uired, to fill alternately a shallow layer of an mch or two into 
each, which much facilitates breaking up the resulting product into small 
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pieces. Liability to buckling or perforation, where the stream of hot matte 
touches the bottom, is guarded against by placing a few large pieces of cold 
matte on the point afiected. The author has used shallow moulds upon 
trucks, of a similar form, but much smaller in size, and made of cast steel, 
I inch thick at top and | inch thick on the bottom, and these cast steel 
moulds, if carefully clay-washed each time before use, last almost indefinitely. 

Another convenient mode of casting matte is by means of the Kilker 
mould car in use at Selby (CaL), and shown in Fig. i85. This consists of a 
rectangular truck made of I-beams carried upon cast-iron wheels with roller 



Figs. 183 and 184.—Truck for Matte Moulds. 

bearings, and supporting a skeleton circular cast-iron spider with sixteen arms 
which revolves upon a steel central pin set in the truck frame. The spider 
carries wedge-shaped moulds of the shape shown in the figure, eacb of which is 
hinged forward, so that it is easily dumped from a position of stable equilibrium 
resting upon the .spider by lifting up the inner end by means of a bar. The 
frame is revolved under the stream of matte from the forehearth in such a 
way that each mould receives only a shallow layer of molten matte, which 
cools before the next layer comes on, so that when the moulds are dumped 
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the cakes are found to be formed of imperfectly adhering layers, which facili¬ 
tates crushing. Each mould holds some 187 lbs, of matte, or 3,000 lbs. for 
the car, and the surface exposed for cooling is so great that the empty car 



Fig. 1S5. 

can be dumped, clay-washed, and returned for another tapping within thirty 
minutes if necessary ; on account of the thinness of the layers cooled at one 
time, the wear and tear on the moulds is very small. 











CHAPTER IX. 


BLAST-FURNACE LEAD SMELTING—PRACTICE. 

CALCULATION OF CHARGE. 

Analyses of Ores and Slags.*—The first step towards making up a, 
furnace charge is to ascertain the composition of the ores, especially as regards 
SiOo, FeO, CaO, and ZnO, and, frequently also, Al.^O.^, BaO, MgO, and S. Th(‘. 
methods used should be fairly accurate and at the same time rapid, for other¬ 
wise it becomes impossible to get analyses done within twenty-four hours 
after taking the sample, as should always be the case. As regards slags, 
rapidity is of vital importance, for the removal of some trouble connected 
with the working of the furnace frequently depends on ascertaining the com¬ 
position of the slag being produced, and in this case a slag analysis to be of 
any use should be completed within a couple of hours or so. In order to 
secure this rapidity it is important to be able to decompose the slag with 
acid quickly and completely without a preliminary fusion. This can be 
always done, provided the slag sample is in a vitreous condition and very 
finely pulverised. Slag samples should be always taken by inserting an iron 
rod or small ladle into the potful of molten slag several inches deep, removing, 
and instantly plunging into a deep vessel of cold water, by which means the 
silicates are prevented from crystallising and remain in the unstable vitreous 
condition of solid solution. 

In order to fulfil this essential condition of rapidity, it will be understood 
that the methods employed differ somewhat from those in use in ordinary 
analytical laboratories, and a short outline of some of them whicdi arc in 
common use will be found in the last section of this work, Chap. xix. 

Calculating the Charge.!—It will be well to consider the most com¬ 
plicated case—^viz., that of a custom works treating ores of very varying 
composition, including a large proportion of siliceous “ drysilver 
ores {i.e., ores containing only a few per cent, of lead). At such works 
the ores, as received, are classified according to their composition, 
those which are regular supplies being mostly unloaded into stock bins, 
while odd lots (after sampling) are generally made up into large beds 
of several thousand tons. A classification frequently adopted is the fol¬ 
lowing ;—To roaster bins, (I) sulphide lead ores for blast-roasting and agglo¬ 
meration, (2) pyritic and arsenical coppery and zincy concentrates for plain 

* V, Furman, Manual of Practical Aasaybuj^ N.Y., pp. 79, H Htq. ; Hofmann, 
Metallurgy of Lead, 274, et seq. ; Croasdale, A’, and At. J., March 11, 1893. 

t V. Newhouse, 8.M.Q., vol. ix., p. 373 ; Murray, E. and M. J., Aug. 13, 1887, March 5, 
1892; Furman, S.M.Q.y vol. xiv., p. 134; Hofman, Metallurgy of Lead, 1900, p. 310 ; 
also a paper by the author in Proc. Civ, Eng., vol. cxii., pp. 133, et seq. 



BLAST-FURNACE LEAD SMELTING—PRACTICE. 


233 


Toasting. To smelter bins, (3) carbonate lead ores, (4) iron and manganese 
fluxing ores, (5) bigh grade silver ores, mostly siliceous, (6) odd lots, calcareous, 
barytic, argillaceous, ferruginous lead carbonates, &c., all of whicb are made 
up into “beds'*' together with Nos. 3 and 4. Sometimes many more classes 
are made, but the general custom is to keep as few as possible separate 
classes, and mix up almost everything in large “ beds." 

The first consideration must be whether there is or is not sufficient lead 
for separating from the other ingredients of the ore and for collecting the 
silver. There is no defined upper limit to the proportion of lead, for even pure 
roasted galena ores can be smelted in a blast furnace (though with heavy 
volatilisation losses) ; practically, however, the ore charge rarely, if ever, 
contains over 40 per cent. The lowest limit for good work on clean ores is 
about 8 per cent, by dry assay, but there is considerable loss of silver with 
so low a charge, unless the ores are comparatively free from zinc. With 
impure and refractory ores the charge should contain at least 12 to 15 per 
cent, lead, and, as a general average, 10 per cent, by dry assay should be 
reckoned, the average direct yield being about 85 per cent, of the lead 
present. The amount of silver in the ore should be such as to yield a 
“ bullion " or work-lead of not more than 300 ozs. per ton. In Europe where 
dry " silver ores are comparatively scarce the work-lead produced, except 
at Freiberg, rarely contains even one-half of the above amount. In the 
United States and Mexico, however, dry ores are so abundant that lead in 
blast-furnace smelting is regarded more as a vehicle for the collection of the 
precious metals than as one of the two principal metallic constituents of 
the ores, and, therefore, the base bullion produced occasionally runs up 
even to 500 ozs. Even in Denver, however, a bullion of 250 ozs. is preferred, 
and it is only the scarcity of good lead ores which sometimes leads to the 
production of a higher grade bullion. 

We will assume the case of a custom works using high modern furnaces 
with high blast pressure, and classifying its ores received as follows :— 

1. Lead sulphide ores and zinc-works residues which are blast-roasted 
with a small addition of lime and sometimes flue-dust and crushed 
•ore-matte. 

2. Auriferous and argentiferous pyrites, mispickel, and coppery concentrates 
which are roasted as thoroughly as possible in order to utilise fully their 
iron-fluxing value. 

3. High-grade silver ores in quartzose gangue. 

4. Odd lots of neutral ferruginous, calcareous, barytic, argillaceous, and 
■other medium grade lead and silver ores, which are mixed together in beds 
as they come in, with the object of making as few regular classes as possible, 
and of diluting or swamping specially prominent features. 

During the past dozen years it became customary to briquette flue-dust, 
and with it fine roasted and raw ores of all descriptions, with the double 
object of getting a good product for the furnace, and of saving losses of such 
fine material by dusting and even by suspension in the slag. It is further 
a common practice to add to the mixture for briquetting all the roasted ore- 
matte, and the resulting briquettes then become desirable components of a 
smelting charge from the point of view of their mechanical condition and 
flux value. In this connection reference may be made to the practice at 
Aguascalientes and at Laurium, described in Chap, xiii. Since the great 
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spread of blaat-roastinji;, however, it is now eousith‘rt‘d <‘Vt‘n ht^tter praetiet^ 
to agglomerate by this mtdhotl the l(‘ad-ht‘aring tine materiai. and tlue-dus! 
and crushed on'-matte are also fretpumtly addtal to charge for blast - 
roasting. For the sake of showing the (‘omposition of a roasttai pyritie 
separately in the ealeuhiti(m, it is suppostal t(^ form a st^parate itigredient of 
the charge, being only slightly agglomerated by ramming into tin* .slag pots, 
in which it is removed from tin* roasting furnuet*: in praeti(’e, luovever, it 
would b(^ mort* usual (‘ither to britpiette such roast«‘d pyriti‘S tines, or to add 
them to tlu* cdiargt* for blast-roasting and sinter the whcde, utilising the ir<m 
oxide as a diluent to obviata* too raj)id agglomtu-atitm. 

It may be furth(*r assumcal that under lot*al conditions inm flux is tliar, 
while im|)un‘ iimestoru* is cheap. 

After analysing the diffenmt* ores and ascertaining what amount cd' each 
is available, the. first step towards eahmlating a normal (diurge is to figure 
MnO as FeO, and MgO and Bat) as OaC). 'flu* atomic* weights of Fe and 
Mn being so nearly alike, the peret‘ntag(‘s of their protoxides are simply udiled 
together, Mngnesia and baryta an* rediu'ed t<» tlieir etpiivalent in t’aO by 
multiplying by F4 and 0*4 respectively. When tin* tpiantity of xine h 
small, ZnO is also by somi* ns'koned as (-aO (v hnt many metallurgisH, 
although taking into aeoount the total quantity pn*stmt in the slag, h*ave n 
out of the calculations as regards Hihea-nirntralising valm*. The analyses of 
the various classes of ore above* described are tabulated in the hdlowiug form, 
the analyses of tin* av^ailahh* fluxes and that of the eoke-ash being added. 

TABLE XX.--Assi’mki> Axalysfs of (‘iiAKiJK (*omfo.\km‘s. 




i'Vo 

MhO. 

(‘aO 


Material. 

Sio.> 

M«0 

UaO. 

i ai.au. 


i*er 

1 Per 

I*er 

I 


rent. 

. ee«t. 

eent. 

; cent. 

Siateml on*. 

12 

14 

8 


Eoasted 

10 

oO 



Bed 

28 

18 

io 

, - 

SiliociouM „ 

80 

.1 

3 

2 

Iron flux. 

10 

7 A 


4 

Limestone. . 

A 

2 

AO 


(loke ash, . < 

40 

30 

lO 

20 


ZeO. 

i ti. 

.H, 


Pl». 


Per 

Per 

per 

Pin 

Per 

O/ 

rent. 

eret. 

j reiiC 

, eeitt. 

mil. 

|»rr l»ni, 

H 

I 

A 

4 . , 

40 

40 

0 

:i 

4 

»» 

I4 

20 

4 

i 

A 

I 

m 

4H 

I 

.. 

I 


3 

10<I 


For the sake of simplicity the ton used is the Americim sln^rt ton of 
2,0(K) lbs., which is commonly emphmal in the United »Hiate«, Uimada. and 
Australia. In Mexico and on the Uontim*nt of Kuropt* the metric system is 
employexl, which is even mon* convenient for calc’ulation. Wt* will assume 
that the available supply of thest* various classes of ore is approximately in 
the proportions given in tin* second column of the following table, wlncli 
shows the number of lbs, of each constituent in a hypothetical prtdiminarv 
trial charge supposed to be made up of tin* dlflVrent classes of «)re in thi' snim* 
proportion in which they are available in tin* stoekbins, or in the regttbr 
supplies 
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TABLE XXL —Proportionate Weights of Charge Components 
IN Hypothetical Charge. 


Class (if Ore. 

Lbs. 

per 

Charge. 

SiOo. 

FeO 

MnO. 

CaO 

MgO 

BaO, 

AI-Aj. 

ZiiO. 

Cu. 

s. 

As. 

Pb. 

Ag. i 

Sintered, . 

200 

Lbs. 

24 

Lb.s. 

28 

16 

Lbs. 

Lbs. 

16 

Lbs 

2 

Lbs. 

10 

Lbs. 

Lbs. 

80 

Oz. per 
charge. 
4*00 

Roasted, . 

100 

10 

50 



6 

3 

4 

2 

14 

1*00 

Bed, . 

300 

84 

54 

30 

is 

12 

3 

15 

3 

48 

7*20 

Siliceous, . 

100 

80 

3 

3 

2 

1 


1 


3 

5*00 

Total, 

0 

0 

198 

135 

49 

17 

35 

8 

30 

5 

145 

17*20 

Average, 


28*3 

19*3 

i 

7-0 

! 2*43 

i 

5*0 





! 


From a consideration of the above totals, seeing that limestone is cheaper 
than iron flux, and the zinc comparatively low in amount, it is evident that 
a fairly high ratio of lime to iron will be most economical; yet the combined 
amount of zinc and alumina is such as to render it inadvisable to aim at a 
very high ratio of lime to iron or at a ratio of oxygen in bases to oxygen in 
silica of more than 1 : 1*5. The type slag, No. 19, with a ratio of SiO.^ 36, 
FeO 31, CaO 26, will, therefore, be a good one. When making a slag so 
comparatively high in lime, and, therefore, of high melting point, in modern 
high furnaces, it may be reckoned that nearly two-thirds of the sulphur not 
appropriated by the copper will be eliminated as SOo (and SO,. 5 ) including 
the small portion eliminated in the slag. 

We will assume that the furnace is to take half-charges of 1,500 lbs. on 
each side alternately, out of which 200 lbs. or 13 per cent, shall be returned 
slag, and that each ore charge of 1,500 lbs. is to be smelted with a fuel charge 
of 250 lbs. of inferior coke containing 15 per cent. ash. 

The complete calculation of a charge requires five separate computations :— 

1. The copper present being all calculated to Cu^S, how much metallic iron will be 
required to form FeS with one-third of the remaining sulphur ? 

2. How much metallic iron will be required to form FesAs^ * with the arsenic present ? 

3. How much iron ore is required to yield the above amounts of metallic iron ? 

4. How much flux is required for the coke ash ? 

5. How much flux is required for the ore mixture ? 

(1) Sulphur.—700 lbs. total ore contain 8 lbs. total Cu. 

S : Cu. : : 32 : 126*8 f = 0*2524 : 1 
8 lbs. Cu X 0*2524 = 2*02 lbs. S required to form Cul,S. 


* In practice, with the proportion of arsenic supposed, little or no speiss would 
ordinarily be formed, except when reduction was exceptionally high. When pushing 
the furnace with a high blast to get through as much tonnage as possible,, as is usually 
the case in custom work, so small a proportion of arsenic in the charge would ordinarily 
be driven into the flue-dust, except such as entered the work lead and matte, the slag, of 
course, becoming correspondingly more ferruginous. 

*|* According to the atomic weights. 
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But there are 30 lbs. S present, therefore one-third of the remaining 27*98 lbs. S is by 
hypothesis to be reckoned as combined with iron. 

Fe : S : : 56 : 32 = 1*75 : 1 

Say 10 lbs. S X 1*75 = 17*5 lbs. Fe required to form FeS (matte). 

(2) Arsenic.—700 lbs. total ore contain 5 lbs. total As. 

Fe., : Aso :: 280 : 150 = 1*86 : 1 
5 lbs. As X 1*86 = 9*30 lbs. Fe required to form Fe.,Aso (speiss). 

(3) Iron Ore.—The required slag being 36SiOo 31FeO, part of the iron in the flux is 
required to neutralise its silica. 

FeO : SiOo : : 31 : 36 * = 0*86 : 1 

10 per cent. SiOo x 0*86 = 8*6 per cent. FeO required to neutralise SiOo. 

The available FeO is, therefore, 75 — 8*6 = 66*4 per cent. 

Fe : FeO : : 56 : 72 = 0*7 : 1 

Available Fe = available FeO X 0*7 = 66*4 x 0*7 = 47*74 per cent. 

Total metallic iron required as above—viz., 17*5 lbs. for matte and 9*3 lbs. for speiss 
= 26*8 lbs. Putting x as the amount of iron ore required to yield this amount, we have— 

26*8 : X :: 47*74 : 100 ; whence x = 56*1 lbs. iron ore. 

(4) Coke Ash.t—When good coke is employed, the error introduced by neglecting 
its ash is trivial, especially when the ash is not very siliceous ; ash calculation, therefore, 
is frequently omitted with good coke. This cannot be done, however, if the proportion 
of ash is high, and it is better to make the calculation once for all on an average sample 
of the kind of coke to be employed, and then use a constant calculated as below. The 
analyses show 


Pounds. 

Material. 

SiOo 

FeO. 

CaO. 

100 

Coke ash. 

40 

30 

10 

X 

Iron ore. 

10 

75 

., 

y 

Limestone, 

5 

2 

50 


Let the percentages of SiOo, FeO, and CaO in the chosen slag be represented by c, a, 
and b respectively. Then since a + 6 + c is constant, we have 

(1) PeO = f. CaO ; and also (2) FeO = “. SiO.,. 

b ^ ^ c - 

Now, for the type slag No. 19, a = 31, 6 = 23, and c = 36. From equation (1) 
substituting the figures of the analyses, we have 

30 -f O'lDx + 0*02y = ^ . (10 + 0*50y), 

Simplifying, we get 

.r = 0*872?/ — 22*03.T. 


* According to the percentages in the required slag. 

t Slide rules and other mechanical devices have been invented to simplify this and the 
following calculations (v- Roberts-Austen, Introduction to the Study of Metallurgy, 1898, 
p. 247 ; also Wingham, “ Discussion on Smelting Processes,” Proc. Inst. Civ. Eng., vol! 
cxii., p. 206). They appear to be largely used in connection with iron blast furnaces, 
but the author is not aware that they have been much employed in lead smelting works. 
The necessary calculations are, after all, very simple. 
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From equation (2), substituting the figures of the analysis, we have 
30 -f* -f. 0*02iy = . (40 -f- 0-10:c -f Q-QS?/), 

And, simplifying, we get 


X = O’OSly 4- 5*94. 


IL 


Then from I. = IL we get 

y = 33*3 lbs. limestone / • j x n n. i 

i = 7-0 lbs. iron ore 1 to flux 100 lbs. coke ash. 

(5) Fluxes for Ore Mixture.— 




SiO... 

FeO. 

CaO. 

Pounds. 

Material. 

Per cent. 

Per cent. 

Per cent. 

100 

Ore mixture, 

28*3 

19*3 

7*0 

X 

Iron ore, 

10 

75 


y 

Limestone, 

5 

2 

so' 


(1) FeO 

= ^.CaO. 

b 




19*3 + 0*75a; 0*02y = . (7*0 + 0*50y). 


Simplifying, we get 


a; = 0*872y - 13*15. 
(2) PeO = -. SiO... 

C - 


19*3 4- 0*75a: 4- 0*02y = . (28*3 4- 0*10a: 4- 0*05?/). 


IlL 


Simplifying, 


X = 0*035y 4- 7*63 


IV, 


Then, from III. = IV. 

y = 24*83 lbs. limestone 1 , 

Q.r.A ^u„ flux 100 lbs. ore mixture. 

X = 8 50 lbs. iron ore J 

Thus to flux 700 lbs. of ore there will be required 59*5 lbs. of iron ore and 173*8 lbs. 
of limestone, making with the ore itself 933 lbs. 

We have already towards our charge the fluxes for the coke ash. 250 lbs. of coke at 
15 per cent, ash gives 37*5 lbs. ash, which requires 

Limestone,.12*5 lbs. 

Iron ore,.2*5 ,, 

- 15 lbs. 

Also the slag charge is. 200 „ 

- 215 lbs. 


The difference between 1,500 lbs. and 215 lbs. is 1,285 lbs., which must be the com-^ 
bined weight of the ore and its fluxes in the charge. 

Now, 700 lbs. of ore require in all of fluxes :— 


To flux silica as above, Limestone, 
„ „ „ Iron ore. 

To form speiss and matte, „ 

Add weight of ore, .... 


174 lbs. 
59 „ 1 
56 „ f 
700 „ 


115 lbs. 


Weight of ore and its fluxes, . . . 989 „ 
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989 X = 1,285 gives us a; = 1*3 as the coefficient by which to multiply the above 
figures, and we have for our half-charge :— 

TABLE XXIL— Composition of Furnace Charge. 






Fluxes Lbs. 

Total. 

In Practice. 





For Ore. 

For 

Coke Ash. 

Roasted ore, 
Slagged „ 

Bed 

Siliceous „ 

Iron „ 

Limestone, . 
Slag, 




1 910 lbs. 

149 

226*5 

total. 1 

2*5 

12*5 

260 

130 

390 

130 

152 

238 

200 

260 

130 

390 ' 

130 

150 . 

240 

200 







1,500 

! 1,500 


The column headed '' in practiceshows the charges actually weighed 
out, the furnace scale beams being usually set only to 5 lbs. If any portion 
of the ore or flux is wet, as, for example, the siliceous or the bedded ores or 
the iron flux, allowance is made by adding on a certain percentage (as indicated 
by the result of a special moisture sample) to the weight of that class of 
material. The total weight of charge will then run over 1,500 lbs. The 
same is done in the case of wet coke. Table XXIII. shows the total number 
of lbs. of each constituent in the combined half charge of 1,500 lbs. ore, slag, 
and fluxes, and 250 lbs. coke. The total number of lbs. of slag—viz., 1,050 
—is found by adding together the number of lbs. of SiOo, FeO, CaO, ALO.^, 
and 90 per cent, of the ZnO, and allowing per cent, extra for PbO, S, 
alkalies, &c. The amount of zinc going into the slag will vary a good deal, 
but, as a rule, from 10 to 20 per cent, of the total present will cover the 
amounts volatilised and carried into the matte. The coefficient for proving 
that the slag has been correctly calculated is obtained by 1,050 07 = 100. 
The amount of lead in the charge (the total charge of ore and fluxes without 
slag is usually referred to) is 14*5, or, including the slag also, 12*6. 

The quantity of matte is obtained by supposing the CuoS and FeS (already 
determined) to form 85 per cent, of it; the lead in it may vary from 8 to 
12 per cent., but will not average more than 10 per cent., while the 5 per 
cent, remaining will cover zinc and other substances. 

The richness of matte in silver is generally calculated by supposing 
the lead present to be equally rich with the work-lead,* but this is 
only a rough approximation, and the matte is generally found to be 
richer than would be indicated by this calculation. The author finds that a 
much closer approximation to the amount of silver carried into the matte is 
obtained by reckoning that both the lead and copper sulphides in the matte 
are equally rich with the work-lead. Such rules, however, are only approxi¬ 
mations, and the amount of silver carried into the matte varies not only 
with the nature and amount of the other impurities present, but also according 
to the relative proportions of the two products. 

* Furman, S, of M.Q., vol. xiv., p. 144. 
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matte with about. 18*6 lbs. bullion with about 
72 ozs. per ton. speiss. 240 ozs. Ag. per ton. 











240 


THE METALLURGY OF LEAD. 


The matte will be further referred to in the chapter on Products. 

The quantity and richness of the work-lead may be got at pretty nearly 
by reckoning that 3 to 5 per cent, of the lead present and 2 to 4 per cent, of 
the silver go into the flue-dust, while, unless some fume filtering process is 
adopted, even in good work with charges low in lead, some 5 to 10 per cent, 
of the lead and 1 to 3, or even 4, per cent, of the silver are lost in slags and 
in uncondensed fumes. These figures are, of course, based upon commercial 
assays, the true figures of corrected assays would frequently show much 
higher losses. The remaining lead and silver, less that accounted for in the 
matte, will be found in the work-lead. As average figures in the case under 
consideration we may suppose that 4 per cent, of the lead and 3 per cent, of 
the silver pass into the flue-dust, from which they are subsequently recovered, 
less the loss on re-treatment; while, say, 8 per cent, of the lead and 2 per 
cent, of the silver are lost. We have thus— 

Wt. in Charge. Loss in Smelting. Flue-dust. Matte and Work-lead. 

Lead, 188*5 lbs. — 8 per cent. = 173*4 lbs. — 4 per cent. = 165*9 lbs. 

Silver, 22*36 ozs. — 2 per cent. = 21*91 ozs. — 3 per cent. = 21*24 ozs. 

The CuoS and FeS add up to 48*75 lbs.; as this forms 85 per cent, of 
the matte, the total weight of the latter will be 57*35 lbs., containing on an 
average, say, 10 per cent, or 6 lbs. of lead. There are left 166 — 6 = 160 lbs. 
of work-lead (about 12*3 per cent, yield on the ore and fluxes) which contains 
about 256 ozs. silver per short ton without allowing for that in the matte. 

The matte contains 10 per cent, lead and 18 per cent, copper,* or together 
28 per cent, of material as rich in silver as the work-lead ; therefore, the matte 
at 28 per cent, of 256 ozs. will assay about 72 ozs. per short ton, and remove 
about 2 ozs. of silver from each charge. 

For the work-lead we have left 160 lbs. of lead, and 21*24 — 2 = 19*24 ozs. 
silver, corresponding to about 240 ozs. per short ton ; the net yield of bullion 
being thus 12*3 per cent, on the ore and fluxes alone, or lOJ per cent, on 
the total weight of charge smelted, including slag. 

No separate calculation is made for gold, since this metal is much more 
perfectly concentrated in the work-lead than is the case with silver, the matte 
containing relatively very little. So far from there being any perceptible 
loss in smelting gold ores, the gold obtained in bullion is usually in excess of 
the amount paid for or charged in the furnace books, because most of the 
ores and iron fluxes carry minute traces which are not taken into account. 

The foregoing complete method of calculating a charge is only necessary 
at large works treating a variety of ores ; in smaller works and in those 
which treat ores from only a single mine or group of mines, the calculation 
can often be simplified by neglecting the coke-ash, speiss, and matte, and 
adding a rough constant to the proportion of fluxes found for the ore charge 
in accordance with the result of practical experience. A simplified method 
of calculation on this plan is given in the paper on Smelting Processes already 
referred to,t and may be found useful by hard pressed metallurgists in charge 
of small plants. A further reason for using in practice a simpler form of 

* In practice, a matte with 18 per cent, copper would be likely to carry 15 or 16 per 
cent, lead, but the assumption made is sufficient to illustrate the methods of calculation 
employed. 

I Proc. Inst. Civ. Eng., vol. cxii., part ii., p. 135. 
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calculation is to be found in tke fact that tke bekaviour of sulpkur in tke 
furnace, and, tkercfore, tke proportion of matte formed, depends very largely 
on furnace manipulation, and particularly on tke amount of blast used. If 
tke atmospkere be distinctly reducing, as in tke typical practice of tke eigkties 
and early nineties, two-tkirds of tke sulpkur contents of tke ckarge may enter 
tke matte ; but witk a keavy blast tke proportion will often not exceed one- 
tkird, as in tke example cited. Even witkout varying tke blast tke produc¬ 
tion of matte varies according to tke permeability of tke ckarge, a closely- 
packed fine ckarge always yielding more matte tkan one of tke same com¬ 
position wkick is open and loose. 

A still simpler metkod of calculating furnace ckarges consists in tke use 
of a slide rule witk slides for eack base, specially graduated, so tkat equiva¬ 
lents of tke diiferent basics are measured by tke same lengtk. Suck a slide 
rule is tkat devised by Wingkam,*^ witk specual reference to iron blast-furnace 
ckarges, but which can also Ix^ used for any kind of smelting, as it contains 
three separate sili(‘a scales—viz., for mono-, sesqui-, and bi-silicatcs, and bas(‘ 
scales for lime, magnesia, alumina, ferrous oxide, and alkalies. On the back 
are otluT s(^ales for sulphur re([uired to form matte, iron-oxides to displace 
PbO and (hi./), linu'stoue re(iuire.(l to yield a given weight of lime, &c. With 
the aid of this simph^ apparatus the rough calculation of tke basic or acid 
(‘xcess of any particuilar or(‘ from its analysis is a purely meckanical operation 
occupying a f(‘W monumts only ; and, as already mentioned, this is often 
practically all that is nec(‘ssary except in (uistom works where great differences 
(‘xist in tlu' nature and proportion of tln^ bases present, and where, therefore, 
it is necessary to know wketlu'i* tke basic excess or deficiency in any given 
ore is an excess or deficiency of iron or of lime. 

Bullion-fall.—When smelting lead ores chiefly or primarily for their 
lead c.ontentB, the bullion-fall will naturally depend upon tke percentage of 
lead in the ores trtiited, and will usually be higher tkan in smelting ores 
of tke precious nudnls with hnid as a vt'kicle. In the latter case, on account 
of the cost of transport on th(^ haul ores, it is often indispensable to econo¬ 
mise in th(ur use, and to run with as low a percentage of lead on the charge 
as possible. For best extraction with (dean slags, it is advisable that the 
bullion-fall should amount to 10 or 11 per cent, on the charge, but clean slags 
can be made with a bullion-fall of only 7 per cent., provided— 

(а) That the slag is of medium ctomposition, not much above a mono¬ 
silicate in degnM\ with low percentages of zinc and other objectionable 
ingredients. 

(б) That tlu‘. matte-fall is not less than 5 per (‘.ent. and preferably about 
8 per cent, on the t‘Iiarge. 

(c) That proper meiins b(^ provided to separate matte from slag. 

Matte-falL—The production of matte in lead blast furnaces was at one 
time regarded as a necessary evil, and a large production was considered to 
indicate the need of roasting more of the sulphide ore before treatment. 
For many years past, however, it has been generally recognised that a con¬ 
siderable matte-fall—namely, of no less than 5 per cent., and preferably of 
7 to 10 per cent, on the charge—is a desirable thing; other things being 
(^jual, the higher the furnace the greater the proportion of matte which can 

♦ Jowmrn Iron and 8Ud InstUiUe, 1892, part i., p. 2^. 

16 
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be advantageously made. Tbe advantages of running to produce a con¬ 
siderable matte-fall are:— 

1 . Tbe lead is better reduced, and tbe slags, provided tbe matte is properly 
settled out by suitable arrangements, are more free from botb lead and silver 
Avith a given percentage of lead on tbe charge than they would be if no matte 
were being made, because of the fact that the large globules of matte in 
coalescing and settling out from the slag collect and entangle microscopic 
globules of bullion, which are carried by the slag in suspension, and which, 
by reason of their minuteness, would otherwise fail to become settled out 
from it. 

2. A larger proportion of sulphide ores can be used direct without roasting, 
Avhich saves the cost of the latter operation, since it is cheaper to burn off 
sulphur in a blast furnace than in a roaster. 

3 The utilisation of part of the sulphur contents of the sulphides as a source 
of heat enables a considerable saving to be effected in the fuel consumption 
of the furnace. 

4 . Furthermore, a heavy matte-fall helps to scour out crusts, and keeps 
the crucible clean and hot in cases where it is necessary to run with a low 
percentage of lead. 

There are, however, great differences in the behaviour of mattes of different 
composition as regards, not only their facility of separation from slag, but 
also their efficacy for cleaning slags ; roughly, it may be said that the value 
of matte for cleaning slags is directly proportional to its percentage of copper 
(at all events, up to 15 per cent, or thereabouts), and inversely proportional 
to its percentage of zinc. Zincy mattes are not only light, but they require 
a higher temperature to melt them than do those which are rich in lead and 
copper, and they do not separate nearly so well from the slag, with which 
they form mixtures of “ mushyconsistency floating on top of the lead in 
the crucible. 

This is by no means due solely to the low specific gravity of the matte, 
since the difference in specific gravity of matte and slag would always be 
sufficient to cause settlement of the former. The imperfect separation is 
probably due in part to the fact that the zincy matte is at the temperature 
of molten slag,not perfectly fluid, and it may be in part a question of the 
surface tension of the matte globules floating about in the slag, which again 
may be influenced by the partial solubility of zinc sulphide in the slag itself. 
It will always be noted that when a zincy matte is produced the slag also 
contains a certain proportion of zinc as sulphide ;* and when copper is almost 
absent and the proportion of zinc high (as, for instance, when smelting 
Broken Hill sulphide ores without complete roasting) a low-grade zincy matte 
is made, which separates badly from the slag, and doubtless helps to account 
for the high lead losses in slags always experienced under such conditions ; 
moreover, the zinc, sulphide present in the ore greatly increases the volatilisa¬ 
tion and fume losses. Whenever much zinc sulphide is present in ores, there¬ 
fore, they should be thoroughly roasted before smelting, and only leady and 
coppery sulphide ores free from zinc should be smelted direct without roasting. 

Fuel ■ Consumption.—While a certain minimum amount of fuel is re¬ 
quired to keep the furnace open without freezing, there is a' considerable 

The proportion may indeed run as high as 4 per cent, as formerly at Port Adelaide 
and at the Juliushiitte, near (loslari ' . • , ■ . *> 
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margin between this minimum amount required for merely melting the charge 
and that required to give proper reduction and clean slags. The use of fuel 
in excess of that required for the latter purpose not only involves waste, but 
it increases the probability of making speiss, if there is arsenic in the ore, or 
■of making irony hearth accretions and of driving copper into the work-lead, 
if no arsenic be present. The heat is driven up and the top of the charge 
shows red, while lower down it becomes sticky from premature fusion, and 
■so chokes the blast as to reduce the speed of smelting. The slags indeed 
become poor in lead, carrying only from 0*3 to 0*5 per cent., but this advan¬ 
tage is dearly bought at the expense of the other disadvantages, not to speak 
•of the waste of fuel. 

The indications of a slight deficiency of fuel for good work, on the other 
• hand, are a cold top with much smoke, high speed of furnace, and slags which, 
even when well compounded, look cold and flow sluggishly, and carry from 
1 1- to 2 per cent, of lead, while the matte formed is usually high in lead. This 
■condition of affairs may be partly counteracted by temporarily reducing the 
blast, but for its cure requires a slight addition of fuel. Both with over- 
,and with under-reduction the lead in the crucible often shows a considerable 
amount of dross, in the one case from arsenic and copper, in the other from 
sulphur ; but the slag-assay in conjunction with the other indications men¬ 
tioned will explain the cause of the trouble and indicate the remedy. Up to 
a certain point coke fuel may be partially replaced as a source of heat by 
metallic sulphides, that is to say, a charge containing a high percentage of 
sulphur will always take a little less fuel than one containing only oxidised 
compounds, but only a small percentage of the fuel can be replaced in this 
manner. The increased proportion of matte, however, yielded by a charge 
high in sulphur, provided this contain copper also, and that there is but 
little zinc sulphide present, will to a certain extent perform the function of 
reduction in cleaning the slags. 

When coke alone is used for fuel, as is now almost invariably the case, 
'th^ consumption may vary from 11 up to 15 or 16 per cent., the lower figure 
being reached by plants using good coke at low altitudes, and the higher by 
those which use coke with a high percentage of ash and at higher altitudes. 
The influence of altitude upon fuel consumption has been already dealt with 
in the last chapter. 

Generally speaking, fast running means low fuel consumption, and vice 
‘versd. With modern high furnaces, therefore, in which the-column of charge 
is deep enough to absorb the heat driven up by even high blast pressures, an 
increase of blast may often allow of decrease in fuel, provided the decrease 
does not reach such a point as to chill the hearth and leave insufficient heat 
for proper reduction. 

The right proportion of fuel is indicated not so much by the temperature 
•of the slag and the tonnage of the furnace as by the assay of the slag and. 
the proportions of matte (and/or speiss) produced. If, for example, the slag, 
while not carrying shots of lead or of matte, assays 2 per cent, of lead or 
upwards, and if, at the same time, the matte itself assays 20 per cent, of lead 
or upwards, it is evident that more iron must be reduced from the slag to 
clean both slag and matte, and this means* an increase in the fuel consumption, 
if, on the other hand, both slag and matte are abnormally low in lead, while the 
former assays high in silver, and more particularly if, at the same time a con- 
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siderablc quantity of speiss is being prodiicecb it is probable tiiat too nuieh 
iron is being reduced, and the fuel eonsumption ean sahdy eut^ down until 
the matte carries 12 to 14 per t‘ent. of l(‘ad. W laui tin* piau’entagt' of (a)pper 
in the matte is fairly constant, the percimtagt^ of bnid in it forms a useful 
measure of the degree of rediudion d<^sirabl(\ and (‘an Ih‘ mad(‘ us<^ of in 
conjunction with other indications to n^gulab^ tln‘ consumption of find. 

In connection with this matter it sliould b(‘ bonu' in mind t hat the lead 
loss in slag is by no means a nmasure of th(‘ total h‘ad loss, for slags abnormally 
low in lead may be produced by a slow-running furnact‘ with high find con¬ 
sumption, in which there is a distinct tumdenev to a stitd^y criudbh* and hot 
top. These (‘onditiems give rise to high funu^ losses owing to tin* t(‘mp(*ratun* 
of the throat, and to the length of tinu* during whi(di tin* U*ad in tin* tdiargt* 
is exposed to volatilisation. On the otln^r hand, a Um <4 I to l| per (a‘nt, 
of lead in the slag through imperft*ct naiuction may In* mon* than <dls(*t by 
the (]uick running of the furruua*, whhdi t(*nds t(» dimiinsh vedatilisation of 
lead, owing to the shorter time oeeupiisl by tin* tdiargt* in its d(\set‘nt, and 
by the lower fuel eonsumptioti. 

Blast.—In addition to tin* propt'r (dn‘mi(‘al conqxKsilion of tin* tdiargi* 
and the consumption of fuel, anotln*!* faettu' of prinn* importaue(* in furnace 
running is the amount of blast. 

The rate at which a furna(u* of giv(*n hvav will sim*!! a tdiargt* of giv(*n 
composition depends primarily on tin* wi*ight of coke eonsunn*d in a givt*n 
time, and this again directly on tin* amount of Idast supplitnl, and on tin* 
pressure at the tuyere line, which governs tin* intt‘n.sity of (‘oinbustion. The 
pressure of the blast dep(*nds upon tin* volunn* supplit‘d and upon tin* 
re8istan(‘e offered by the tdiargt* to its passugt*, whitdi again is a funtdion of 
the height of the eharge»column, and of its opt‘n or tdostdy paekt*d eoiulltion : 
it is evident that if more blast is S(*nt into a furnaet* than (*an s<*rv(* to burn 
up coke at the pressure e.aust*d by the resistance* of the tdiargt* column, tin* 
excess will rise up through the charge, carrying heat with it, aiul hot top ” 
will result. For each givt*n an*a of furnaet*, tht*r4*fort\ tln*rt‘ is a maximum 
volume, and for eatdi foot in ht'ight of e.hargt* column (HUpposed to bt* of 
unvarying composition) there is a maximum prt*SHurt* of blast, whit'h cannot 
be exceeded without bringing about pt‘rsisttmt ''hot top*’ with its nttendaut 
evils. Once determined, therefon*, tin* volume of blast HUp|dit*d to eatdi 
furnace should be kept just insidt* this maximum, in ordt‘r to gt‘t tlirough as 
large a tonnage as possibh*. 


FlTENAtJE MANIFIH.ATION* 

This may be des(‘ribed under four h(*adH—viz., " Blowingdn/’ " Blowing- 
out,"' Regular Smelting, and lrregulariti<*H in furnace wtirkiiig—all with refer¬ 
ence to the large oblong furna(*eH already dt*serihi‘d. 

1. Blowing-in.—The points to be observed in eomieetion wit h thistipera- 
tion arc, first, that the crucible of tin* furmua* sliould la* thorouglily dried 
out and heated red-hot b(‘fore attempting tin* blowing-in proper; Weamd, 
that it should be filled with hot moltcm l(*ad as rapidly us possible to avoid 
crusting up the bottom; and, third, that the first slag whitdi comes down 
should be ferruginous and as hot as possibh^, so that it may ket*j.i the lead 



BLAST-FURNACE LEAD SMELTING—PRACTICE. 


245 


liot and not form incipient top-cnists. The various ordinary methods of 
attaining this end by the use of bars of lead are described in great detail in 
the work of Hofman,* to which reference may be made with advantage. 

When bars of lead for filling the crucible are not to be had—as has hap¬ 
pened to the author in Mexico—small furnaces may be started direct on 
high-grade lead ores, preferably carbonates containing 50 per cent, or more 
of lead, though thoroughly roasted and agglomerated galena ore would no 
doubt be equally efficient. In this case, after the crucible has been heated 
red-hot, first with several fires of good hard wood and then with charcoal, 
the lead-well and syphon-tap are thoroughly heated, and then a clay plug 
is put in the latter and the well is piled high with glowing charcoal. Upon 
the charcoal fire in the bottom of the crucible are charged large clean pieces 
•of coke, which are turned over and over under a light blast through a length 
•of 2-inch pipe, and, as they ignite, more coke is added till the whole crucible 
is filled with a glowing mass. The breast is then put in, large sticks of selected 
charcoal or pine-logs are fed in to about the top of the jackets, and the furnace 
is then filled as rapidly as possible with alternate layers of coke and of the 
rich ore selected for blowing-in, to which just sufficient iron ore is added to 
form an easily fusible liquid slag.f As soon as the furnace is full, the flow of 
water through the jackets is increased and a very light blast is turned on. 
The lead in this way comes down quite hot and sufficiently fast to fill the 
crucible in a few hours, much of it no doubt liquating down before the tem¬ 
perature rises high enough to melt the gangue or fluxes; slag is tapped at 
intervals, and as soon as lead begins to run from the slag spout the lead well 
is cleared from charcoal, the plug in the syphon-tap is knocked out with a 
bar, and the furnace can be put on its normal charge. When care is taken 
in filling the crucible, not to get too i^uch of the coke burnt away or clinkered, 
this method of blowing-in without tising bars of lead can be made to give 
good results, in a small furnace, but the crucible always gets more or less 
crusted up with slag, and it is decidedly preferable to use bars of lead, if they 
are procurable: for modern large furnaces the use of lead is probably 
essential. 

2. Blowing-out.—When a furnace is in want of repairs or gets crusted 
up in the crucible; when some serious accident happens to the water supply; 
or when fuel or ore runs short, as occasionally happens, it is necessary to blow¬ 
out. This is done in the inverse way to blowing-in-r-viz., by stopping the regular 
ore charge and substituting for it slag with iron ore until the ore left in the 
shaft has been smelted out. The charge is then allowed to sink ; the dampers 
leading to the dust flues in the case of furnaces with telescopic stacks being 
closed, while in the case of open-top furnaces the cast-iron coverplates are 
put on and luted down. When the charge has sunk so that flame begins to 
make its appearance on top, or even very heavy lead fumes without flame, 
the blast is shut off, the tuyeres taken out, the slag tapped till no more will 
run, the tapping jacket and breast removed, and the contents of the furnace 
are drawn. This is done by raking them out with iron hoes into a succession 
of wheelbarrows, which are taken away and cooled with water, the operation 

* Metallurgy of Lead, New York, 190(5, pp. 319-326. 

t All blowing-in charges should be made ferruginous, approximating to the com¬ 
position of an iron monosilicate, inasmuch as this silicate is particularly liquid, even at 
temperatures but slightly above its formation point. 
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being j&nislied by pulling down tbe front jacket and raking out the remaining 
contents of the furnace down to the level of the bottom of the jackets. Last 
of all, .the molten lead in the crucible is ladled out into moulds, and the bottom 
crusts are chipped ofi. 

3. Regular Smelting.—In regular work the charges are made up either 
by weighed quantities of ore taken from separate bins, the analysis of which 
has been previously determined, or from ore beds of several thousand tons, 
each composed of layers of ore of difierent compositions approximately in 
suitable proportions for the furnace. The former system has been described 
in a paper by the author * as employed at the El Paso Works (Tex.); the 
latter is the more usual system on the Continent of Europe and in most 
purely custom works. Most large works adopt a combination of both, stock- 
bins being used for certain large and regular supplies of ore, the composition 
of which varies only within narrow limits, while ore beds are made with 
all the odd lots of ore received. In any case, fluxes are weighed separately. 
At some works the ore and fluxes are brought to the furnace in trucks and 
the fuel in wheelbarrows, more commonly both are handled in trucks ; occa¬ 
sionally, wheelbarrows are used exclusively, though this is not to be recom¬ 
mended. When, as is now usual, the whole feed floor is composed of iron 
plates resting on I-girders, ordinary trucks can be run anywhere ; but wIkui 
part of the floor is of wood or stone, a good arrangement is to use scoop¬ 
shaped wrought-iron charge-barrows, or “ buggies,'' as they arc frequently 
called, which hold about 10 cubic feet, run on a pair of large wheels with 
ball-bearings, and rest while being filled on a pair of legs below the handles, 
that generally carry small wheels. 

Weight of Charge.—All the items composing the charge must be 
accurately weighed into the truck or handbarrow. Almost invariably the 
multiple-beam scale is. employed, with a separate beam for each kind of 
material composing the charge. .The sliding weights on these being once 
adjusted, the front of the case is locked by the furnace foreman, and the 
beams are thrown in and out of gear one by one as required, by means 
of separate levers on the outside. 

The cost of handling blast furnace charges in hand-barrows or buggies from 
the bins to the furnace may amount to from 9d. to Is. per ton under American 
conditions, and with exceptionally good arrangements can be brought as low as 
7d., which, however, is a minimum for higtpriced labour. Where lower- 
priced labour is employed the cost ranges from 7d. to lOd. per ton. Under 
copper-smelting conditions, handling ores by means of big hopper cars dumping 
into bins, and filling from these by means of shoots on to suspended hopper 
scales, with electric transportation to the urnace and automatic dumping 
thereinto, the total cost from bins to furnace may be reduced to as low as 
2 Jd.,t but a custom lead-smelting works cannot entirely eliminate shovel- 
work in connection with “ bedding " ; therefore, 5d. to 6d. may be looked 
upon as an ideal figure. 

Size of Charges.—The absolute size of the charge is a matter for som(^ 
consideration, for upon it, to some extent, depends the intensity of the 
reducing action. When carbonate or thoroughly roasted ores are to be 
treated and the values concentrated into bullion with as little matte as 

* “ Smelting Processes,” Proc, Inst. Ck\ Eng., vol. cxiv., part i. 

t E. and M. /., Aug, 19, 1905, p; 309. 
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possible (as at Brokea Hill), a powerful reducing effect is essential, and small 
charges corresponding to only about 15 to 20 lbs. per square foot of section 
are preferred. When, however, much sulphides are to be used in the charge 
and a considerable production of matte is expected, the charges employed 
may with advantage be somewhat heavier, though never so large as in copper¬ 
matting or pyritic furnaces. 

One great disadvantage of small charges is that the layers of fuel being 
more or less continuous and the whole charge-column being thereby rendered 
more permeable, there is a great tendency for the fuel to become prematurely 
ignited, the heated zone gradually rises, and “ hot topresults, with its 
invariable concomitant—namely, more or less chill in the smelting zone 
before the tuyeres, which is no longer reached by the full amount of fuel. 
Experience proves thJit persistent hot-top can be frequently cured by the 
simple expedient of doubling the absolute size of the ore and fuel charges, 
without any other alteration whatever. A heavy double ore-charge which 
forms a distinct layer over the whole area of the furnace no doubt acts in two 
ways ; first, by protecting the overlying layer of fuel from premature ignition 
through its slow conduction of heat; and, secondly, by offering only small 
channels to the upward current of furnace gases which, being spread and 
mixed, and having their pressure equalised over the whole area of the furnace 
in the underlying double layer of coke, are thereupon forced to make 
their way through a large number of narrow channels, giving up its 
heat on the way, and suffering considerable reduction in velocity. Large 
charges, therefore, if fed evenly, tend to prevent the formation of 
blowholes. 

Method of Feeding-—In charging, fuel always goes into the furnace 
first, being followed by the ore mixture, with fluxes and slag on top ; occa¬ 
sionally the ore, fluxes, and slag are mixed more or less intimately, but more 
generally ore goes in after the fuel, followed successively by fluxes and slag. 
Some metallurgists, following Henrich,* have claimed that a too intimate 
mixture is detrimental on account of forming a fusible slag too high up in the 
furnace. Seeing, however, that the only eft’ect of facilitating the formation 
of slag must be to increase the speed of smelting, or, in other words, the 
furnace capacity, it would appear to be advantageous that the admixture of 
the various ingredients of the charge—ore and fluxes—should be as intimate 
as possible. The fuel should form an even layer over the whole area of th<‘ 
furnace, somewhat thicker, however, in the centre than at the sides, so as to 
make the centre of the charge more permeable than it would otherwise be 
to the current of ascending gases. As a rule, this is done by feeding some of 
the largest pieces of coke towards the centre line of the furnace, and then 
spreading the remainder of the fuel evenly over the whole area. 

In connection with the charge of ore and fluxes the method of feeding 
should be such as to counteract the natural tendency of the current of furnace 
gases to find its easiest course around the outside of the charge column' next 
the jackets. As regards each individual charge-com'ponent, therefore, the ideal 
to be aimed at is, with reference to the length of the furnace, absolutely 
uniform distribution; and, in regard to its width, such a distribution as 
will leave most of the fine particles near the sides and the bulk of the coarse 


and M. J., Dec. 27, 1890 ; Jan. G, 1891.. 
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material towards tlie centre.* Tlie words in italics are empliasised because, 
taking tbe charge as a whole, the separation of coarse and fine would usually 
result in depositing most of the limestone flux towards the centre, and most 
of the soft leady and ferruginous material towards the sides, which is obviously 
undesirable. While distributing uniformly over the whole area each of the 
items comprising the charge, so that ore and fluxes shall be everywhere found 
in their proper proportions, the object to be attained is a uniform resistance 
over the whole area of the charge, which is indicated on the feed floor by 
the quiet and even emission of smoke over the whole of the surface of the 
charge. When it becomes evident by the formation of ‘‘ blowholes "" that 
the normal condition of the charge has been disturbed, the extra draught 
at such points should be checked by feeding a few extra shovelsful of fine 
material, so as to restore the equilibrium of resistance over the whole area. 
A tendency for the heat to rise can usually be checked in its earlier stages 
by sprinkling or wetting down the charges, particularly the fuel charge. 
This is generally beneficial, because it tends to prevent the coke from becoming 
prematurely ignited, and so wasting a portion of the heat of combustion, 
which is all required for the actual smelting zone. When the tendency 
becomes more pronounced, however, it is often best checked by doubling 
or trebling the size of the charges for an hour or more. 

In the case of hand-feeding, the desirable result of coarse material towards 
the centre and fine towards the sides is readily attained, more particularly 
in the furnaces with overhead downtake which are fed through side doors. 
The cost of hand-feeding, however, is quite an appreciable item in the total 
labour cost of smelting, and in the largest furnaces it becomes difificult to get 
men capable of shovelling the large tonnage per shift which such furnaces 
put through, not to speak of the impossibility of getting the work done with 
judgment when under such conditions. Within the past seven or eight 
years, therefore, at Helena, Pueblo, El Paso, Murray, and other places 
recourse has been had to the system of mechanical feeding with open-top 
furnaces. 

Mechanical Feeding.—In an able paper by A. S. Dwight,f the question 
of mechanical feeding is exhaustively discussed, and it is pointed out that 
inasmuch as hand-feeding is best when it is most regular, no great difficulty 
should be experienced in designing a mechanical appliance which should do 
the work as well or even better. Hand-feeding, of course, starts with the 
initial advantage of a distinct layer of fuel, whereas when the furnace is fed 
from a hopper charge-car containing the whole of one charge, even if the 
fuel be carefully placed at the bottom, there will inevitably be considerable 
admixture of fuel and ore in the operation of dumping. The existence or 
non-existence of a distinct layer of fuel has now been proved to be of com¬ 
paratively little importance, the vital condition for satisfactory operation 
appears to be the correct distribution of coarse and fine material. How 
this condition is attained is well illustrated in Fig. 186, which represents a 
cross-section of one of the furnaces at East Helena fitted with the Dwight 
modifications of the Hixon mechanical feed. 

* The contrary arrangement—^viz., too much fines in the centre and coarse material 
round the outside—results in the formation of a core of only half-fused sticky material 
in the centre of the furnace, which extends down as far as the surface of the lead in the 
crucible, and often starts crusts there. 

t Trans. Amer. Nov. 1901, vol. xxxii., p. 353. 



BLA8T-FURNACE LEAD SMELTING—PRACTICE. 


249 


The essential features of mechanical feeding are-:— 

1. An open-topped furnace with a slot extending the full length. 

2. A charge car extending the full length of the furnace, filled on the 
ground floor of the plant by means of wheelbarrows, buggies, or small waggons, 
and provided with a long narrow bottom-discharge corresponding with the 
slot on the top of the furnace. 

3. Mechanical means of raising the charge car from the bin-floor level, 
where it is filled, to that of the feed floor, and of traversing it along the line 
of furnaces, so as to drop the contents over any given furnace. 

4. Means provided either in the bottom of the charge car itself or in the 
top of the furnace for spreading the charge, so that the fine goes to the sides 
and the coarse to the centre, as in hand-feeding. 

The most usual method of raising the filled charge car to the feed floor is 
by means of an incline, as 
shown in Fig. 74, which is a 
cross-section of the Pueblo 
plant of the Amer. Smelt, and 
E,ef. Co. A somewhat similar 
arrangement is in use at East 
Helena (Mont.) and at Torreon 
(Mexico). At El Paso^ (Tex.) 
the charge car is raised to the 
feed floor level by means of an 
electric lift, and is traversed 
along the top of the furnaces 
on rails at their ends by means 
of an electric motor, instead of 
the cable used at the other 
plants. 

As regards the charge cars, 
and the mode of delivering 
their contents, there are two 
principal modifications :— 

1. The Hixon or East Helena 
charge car with a flat bottom 
consisting of doors opening in 
the centre. With cars of this 
form the proper distribution is 
effected entirely by extraneous 
means—namely, by fixed spreaders placed inside the feed slots of the furnace 
tops, as shown in Fig. 186.^ 

2. The Pueblo type of charge car with double-hopper bottom, which 
serves to direct the charge towards the walls of the furnace, and so initiates 
the desired correct distribution. 

With both systems, transverse spreaders may still be required in the tops 
of the furnaces, in order to correct irregularities in the filling of the charge 
cars, but at East Helena such irregularities were avoided (at the cost of some 
extra labour) by covering over the charge car, leaving open only a long narrow 

* Private Notes, 1902. 

t From the paper by Dwight referred to, Trans, 1901, vol. xxxii., p. 353. 
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slot above tbe centre line, and filling it by dumping each, charge buggy in 
turn along the whole length of this slot. The East Helena system was some¬ 
what more complicated in that the actual charge car had its line of motion 
parallel with the longer axis of the furnaces, and, therefore, had to be run 
upon a transfer car, in order to be traversed over the row of furnaces in a 
direction perpendicular to their length, while the Pueblo charge car, like that 
in use at Torreon (Mex.), moves entirely on a line at right angles to the longi¬ 
tudinal axes of the furnaces. This apparent complication, however, in actual 
work turned out to be of small importance. At El Paso * a similar charge 
car of 6 tons'" capacity on a transfer car or traveller is employed, the latter 
being traversed by an electric motor mounted on one end of the car, and 
taking current through an insulated third rail. 

In the new form of the Pueblo charge feed devised by Howard,! instead 
of a car, a 4-ton feed box is employed with double hopper doors in the bottom, 
just the same shape as the old charge car, but handled by a travelling crane, 
When lowered over the furnace a set of doors on the latter are automatically 
opened, and after dropping the charge, the doors automatically close again. 
There is also, a cover on the feed box itself, so as to prevent the escape of 
furnace gases when dropping the charge. The feed box is dropped upon a 
transfer car or truck for filling at ore-bin level. Figs. 187 and 188 show 
details of the feed box as placed on the truck for filling ; Figs. 189 and 190, 
which are longitudinal and transverse sections respectively, show the furnace 
top and the manner of handling the feed box by means of the travelling 
crane. In these figures, AA is the travelling crane operated from P, B is the 
feed box resting upon the truck, C, upon which curved flat-iron brackets, 
11, are reared; these cause the closing of the doors of the box when it-is 
lowered upon the truck, and also serve as supports for it. E is the cover 
of the box suspended from the crane by a separate rope of such length that 
when the feed box is lowered into the furnace-top it remains in position, 
whereas, when lowered to the ore-bin floor, it remains suspended from the 
crane. Upon the furnace top curved guides, GG, are fastened, which guide 
the feed box into position and assist it to force down the hinged doors, DD ; 
these, after the dropping of the charge and removal of the feed box, being 
brought back into position by the counter weights, EE, on the ends of the 
long levers, extensions of the hinges ; L is a lever pulled by the attendant 
in the carriage, P, through a separate rope, which opens the hopper doors of 
the feed box when it is in position upon the furnace. 

The advantages of this form of furnace feed are the following :— 

1. The charge can be dropped from any desired height, giving either a 
packed charge (for coarse material) or a loose (when material is fine). 

2. When required, it will drop from a much less height than the ordinary 
charge car, so causing less scattering of fine material and less fiue-dust. 

3. The furnace doors are opened and closed automatically with consequent 
saving of labour. 

4. By the use of the cover on the feed box no fumes can escape while 
feeding, which makes the feed floor a more salubrious place than it usually 
is. 

At Ma'pimi (Mex.)! a’ new system of stock bins has been installed holding 

* Private Notes, 1902. f Private Notes, 1902. 

t E. and M. J., Aug. 22, 1908, p. 373. 
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10,000 tons, and provided with hydraulically operated gate doors and 
Anaconda track scales for quick weighing of each portion of the charge. 
The charge cars are formed into trains, and run up an incline to above the 
feed floor, where they dump into double-feed hoppers, of which two types are 
under trial; one type has four bottom gates operated by levers, the other 
type has no gates, but stands over the open-top furnace and delivers through 
slots in the bottom as the charge sinks. 




Figs. 187 and 188.—Charging Box on Truck (Pueblo). 

At Torreon (Mex.)* the charges are tipped into a hopper-bottomed car, 
which is drawn up an incline and discharges into another hopper-bottomed 
charge car, which runs over the tops of the furnaces as at El Paso, 

At Bingham (Utah)| the charging car of 5 tons" capacity, which has a 
V-bottom closed by trap doors, and is somewhat similar in form to the Pueblo 
* E. and M. Jan. 20, 1908, p. 126„ f Min. Ind., vol. xvL, p. 668. 
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charging-box, rests in a pit, where it is filled by the ordinary two-wheeled 
charge buggies. When full, it is raised on an incline by a rope as at Pueblo, 
and run over the length of the furnaces. The charge drops no less than 
11 feet, and after passing through two slots closed by doors, corresponding 
with the bottom doors in the charging car, is distributed longitudinally by 
means of three heavy rails running crosswise. 

At Murray"^ (Utah) the arrangement is more like that at El Paso; the 
charging car is run upon an open-frame transfer truck, which is moved along 



Pig. 191.—Charge Waggons and Charging Doors (Laurium). Dimensions in Millimetres. 


tracks parallel to the row of furnaces by means of an electric motor. The 
charge drops 6 feet, and is spread by means of gable-shaped spreaders like 
those shown in Fig. 186. 

At Laurium the furnaces are side-feed—^that is, the take-ofi is above the 
feed floor, and connection is made with it by means of a movable charging- 
hood running on wheels transversely to the longer axis of the furnace, and 
provided with four counterbalanced doors on each side, as shown in Fig. 191. 

*Ibid. 







Fig. 192.—Plan of Charging Floor (Lanrium). 
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Instead of laand-feeding, a system of mechanical feeding is employed, illus¬ 
trated in Figs. 191 and 192. The ore charge is brought alternately to either 
wide of the furnace, already mixed in four of the side-dumping trucks shown 
in the figure, holding 600 kilos, each. When these are tipped by hand, the 
counterbalanced doors open automatically, and the charge slides down 
the inclined cast-iron plates, shown in the figure; in the act of sliding the 
coarser portions gain sufl&cient momentum to be carried to the centre of the 
furnace, while the fines pile up near the sides, the overhang given to the brick¬ 
work ensuring that the finest portion shall not be directly in contact with 
the sides, but at some little distance from them, thus attaining the ideal 
condition described by Dwight without the use of any spreaders. The coke 
charge is similarly brought to either side of the furnace alternately in two 
side-tipping cars, exactly like those used for ore, but of double the length, 
so that each in tipping opens a pair of the counterbalanced doors. 

At Laurium, owing to the fact that there are no distinctly siliceous ores 
^ind no basic fluxes, all the various ores charged containing more or less lead, 
lime, &c., so that each may be considered as already partially fluxed, while 
the mixture is self-fluxing, this system of charging gives uniformly reliable 
results. It is possible that with siliceous ore charges requiring the addition 
of large quantities of barren limestone (which in practice always turns out to 
be coarser than the ore, and has a tendency to run away from it), the results 
luight not be quite so satisfactory; but it would seem as if this method, 
which is in some respects simpler than any of the other methods of mechanical 
feeding described, is worthy of imitation and of extended trial in other places 
where comparatively cheap labour renders it unnecessary to rely upon electric 
<'raues, motors, &c., for moving the charge cars upon the feed floor. 

MECHANICAL CONDITION OF THE CHARGE. 

A very coarse charge varying, for instance, from lumps as large as a 
many's head down to about fist size, even in a high charge column, 
is too readily pervious to the furnace gases, and tends to cause over-fire, 
bad reduction, and too low a temperature in the smelting zone. The best 
mechanical condition for the charge mixture is about one-third in pieces 
from 5 down to 2 inches diameter, one-third from 2 inches down to | inch, 
amd the remainder from J inch downwards. An excess of fine ore in the charge 
beyond the above proportion is attended by many inconveniences, the first 
being a great reduction in capacity. A furnace smelting 180 tons per day, when 
nearly the whole charge is from nut to fist size or larger, will put through only 
half to two-thirds that quantity when the proportion of fine ore rises to 50 per 
■vimt. Another and more troublesome result is a choking of the furnace, 
which brings about an increase of pressure, a bursting through of the fire at 
tuvrtain points, called blowholes, and a general upward extension of the zone 
-of fusion, in consequence of which so much of the fuel is consumed before 
rc^aching the tuyeres that there is not sufficient left to give the slag the neces- 
Hary degree of fluidity for complete se;^aration of matte. Perhaps the worst 
trouble of all in the old-fashioned low furnaces (though in modern high fur¬ 
naces it is neither so frequent nor so serious) is a gradual sifting-down of 
tine ore through interstices between the coarser lumps, assisted no doubt by 
the vibratory motion set up by the blasts until in extreme cases barely warm 
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■fine ore pours into the tuyeres. Even when not reaching such an extreme, 
this sifting-down of fine ore is attended by the serious consequence of greatly 
increasing the loss of precious metals in the slag, since such fines as may 
reach the crucible and become carried away mechanically will be compara¬ 
tively unaltered as regards their precious metal contents. Fortunately with 
modern high furnaces of ample area a much larger proportion of fines can be 
handled without serious trouble, than in the lower and smaller furnaces 
formerly employed. 

The increased proportion of concentrates from dressing works in the ores 
offered, however, and the prevalence of the custom of purchasing ores through 
sampling works, which, in order to obtain thoroughly reliable samples, crush 
the whole of the ores handled, has increased the proportion of fines in the 
•average ore mixture received by most modern custom smelting plants to far 
beyond the proportion of one-third, mentioned above as being the ideal for 
good work. Some years ago the attempt was made to overcome this diffi¬ 
culty, and obtain a good material for the furnace by means of slag-roasting 
or fusion; but this method is, as we have seen in Chap, vi., both costly and 
wasteful, so that it has been pretty generally abandoned. As regards 
comparatively rich lead ores, pot-roasting processes have successfully over¬ 
come the difficulty, and turn out a product which is in excellent condition for 
blast-furnace treatment. There still remain, however, the large quantities of 
miscellaneous ores of the precious metals, which usually form a preponderating 
amount of the total charge in the case of most blast-furnace smelting plants; 
and for these, when the proportion of fines is felt to be excessive, recourse 
can only be had to briquetting. Particularly is it desirable to briquette all 
fine ores and concentrates which are rich in silver and gold, for the mechanical 
losses in flue-dust and by sifting-down of fine unmelted particles into the slag 
become of vastly greater importance when dealing with rich material. 

Briquetting.—Clay being objectionable as an addition to the furnace 
charge, lime is practically the only binder nowadays employed. Eaw ore 
having, however, little or no chemical action upon lime, an intense pressure 
would be required to make coherent bricks of raw ore fines alone with the 
small proportion of 2 to 5 per cent, of slaked lime, which is commonly em¬ 
ployed because a larger quantity would be uneconomical. It is, therefore, 
usual to mix with the raw ore fines a certain proportion of roasted ore or 
matte—in many cases the whole output of the roasters—and all of the flue- 
dust produced in the works; both of these materials contain a certain pro¬ 
portion of soluble sulphates, which, reacting with the lime, give rise to the 
formation of gypsum that acts as an effective binder. 

The chief requisites for the formation of solid briquettes are thorough 
mixing of the ingredients and heavy pressure. Mixing is usually conducted 
in long horizontal pug-mills, and greater uniformity in the admixture of lime 
is ensured by adding this ingredient in the form of milk of lime prepared in 
a separate small mill. Where a very large proportion of the mixture consists 
of flue-dust, or roasted lead ores, heavy pressure is not essential, and fairly 
coherent bricks may be obtained by the use of a soft mud-brick machine of 
auger type as at Laurium (v. Chap. xiii.). Where, however, from one-third 
to one-half or more of the mixture consists of raw ore fines it is essential to 
employ a heavy pressure, if the briquettes are to be sufficiently firm to stand 
handling almost at once, and charging into the furnace after only a few days^ 
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air-drying without breaking up to any extent. Exceedingly hard bricks can 
be obtained by kiln-burning, in which operation a partial fritting of the 
siliceous ore particles by means of the leady flue-dust or roasted lead ore 
takes place; this practice was followed by Greenway at the Block 14 works, 
where the chief material to be handled was slime from the dressing works, 
but for briquettes composed chiefly of fine ore and flue-dust the extra hardness 
obtained is hardly worth the extra cost. 

Usually the mixture is briquetted, not in the form of soft mud, but of 
semi-dry material, just damp enough to cohere slightly when pressed in the 
hand. Two types of machine are in general use. 

The White Mineral Press, shown in Figs. 193 and 194, consists essentially 
of a pair of rollers, 48 inches diameter and 10 inches face, with renewable tyres, 
and weighing 5,000 lbs. each, revolving after the fashion of a Chilian mill in a 
pan like that of a mortar mill, but fixed, a large section of the bottom of which 
is removed and its place taken by a circular moulding disc, 5 feet in diameter 
and 2|- inches thick, having two concentric rows of 4-inch circular holes near 
its circumference, which, as it revolves, are presented in pairs successively 
under the path of the rollers. Kevolution of the moulding disc is eflected 
by a ratchet and pawl, so that it moves in steps, and the same mechanism 
actuates synchronously, first a pair of plungers, which re-press the already 
formed briquettes, and, secondly, another pair which deliver two of the re¬ 
pressed briquettes upon a conveying belt; so that at one and the same time 
one pair of briquettes is formed underneath the rollers, another pair is being 
re-pressed, while a third pair is being delivered from the mould disc. The 
velocity of the rollers bears a relation to that of the mould disc, such that 
each pair of briquettes is subjected to the pressure of the rollers more than 
a dozen times before passing out of the pan. In the ordinary form of machine 
with two concentric rows of moulds, briquettes of 4 inches diameter by 2| 
inches high are turned out at the rate of 80 per minute, which gives a volume 
of 872 cubic feet per 10-hour shift, or, say, 50 to 80 tons, depending upon the 
weight of the material. The machine takes about 30 H.P. to drive it, and 
the total cost of briquetting per ton of material varies from about 2s. 6d. up 
to 4s. 6d, per ton. More recently a machine has been brought out with three 
concentric rows of moulds, the capacity of which is 50 per cent, greater. 

The other system of briquetting is that of the plunger machine, which 
exerts a greater pressure than the mould disc type of machine already 
described, and for which the mixture should be somewhat drier, containing 
not over 7 per cent, moisture. Two of the best known types of these 
machines arc those of the Henry S. Mould Co., and the Boyd press of the 
Chisholm, Boyd & White Co., the former having the plungers horizontal, 
and the latter vertical. In each case the plungers are moved by means of 
toggle joints against very powerful springs, and they are made in several 
sizes with from two up to six plungers, the pressure exerted running up to 
150 tons on a brick. 

The Mould press turns out circular briquettes somewhat like that of the 
White press, 3 inches diameter and 3 inches high, of which each plunger 
makes 25 per minute, or at the rate of about 16 tons per plunger per ten 
hours. The Boyd press turns out from 5,000 to 7,000 bricks per plunger per 
ten-hour shift, or, say, from 20 to 30 tons, but takes about 30 H.P. for a 
4-mould press. 
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Pressure of Blast. —Tlie blast-pressure should be watched by means 
of the gauge on the blast pipe of each furnace, which should be constantly 
compared with the gauge at the commencement of the blast main just outside 
the blower room, and the quantity of air given regulated accordingly. Some 
furnacemen in single-furnace plants are accustomed to treat the blast gauge 
as a mere means of regulating the quantity of air which they supply to the 
furnace, and to continually close the furnace blast-gate when the pressure 
rises and open it again when the pressure falls. This plan has the great dis¬ 
advantage that precisely when the furnace from any cause gets clogged up 
and requires more blast to push through the obstacle actually less is received, 
while when it is smelting well and the mass of material in the shaft is in good 
loose condition so much blast will be put on as to drive the heat up. A 
better plan is to determine by repeated trial the volume of air at given pressure 
which a furnace of given dimensions will take when burning coke at a given 
rate, and, instead of continually fiddling with the blast-gate, to keep the 
volume of air supplied as nearly as possible constant. This is most easily 
done when each furnace has its own blower, for it is only necessary to run 
the latter at a constant rate of speed ; in the usual case of a general blast 
main supplying a row of furnaces it is much more difficult, because an in¬ 
creased resistance on any one furnace automatically diminishes the volume 
of air passing through it. By keeping the volume of air as nearly as possible 
constant, the blast-gauge becomes a delicate barometer, showing the changes 
which are going on inside the furnace, and in conjunction with the other 
signs visible at the tuyeres and on the feed floor indicating the remedy to 
be applied. 

In all furnaces, except those with continuous slag-flow, the quantity of 
slag in the furnace between the slag spout and tuyere levels is under the 
control of the tapper, who at least once or twice in a shift usually allows the 
slag to rise to the tuyeres, and quickly taps it out to see the quantity in the 
furnace, less than the normal amount indicating the formation of incipient 
crusts. The depth of the pool of slag and matte below the slag spout 
depends entirely on the height to which the lead is allowed to rise in the lead 
well. Every now and then it is allowed to rise higher than usual, by dipping 
nothing out, by which means matte and speiss rise to the level of the taphole, 
and can be tapped out, flushing with them any incipient crusts on the level 
of the lead bath; the lead is then dipped or tapped from the lead well, and 
comparatively clean slag can be tapped for some time. It is very important 
to keep the level of the lead in the well as high as possible, especially when 
smelting a charge low in lead, for in this way the surface of the lead in the 
crucible is also brought nearer the tuyeres, and the matte and speiss are not 
so liable to chill. Of course, the higher the level of the lead the more is the 
separation of matte from slag hindered, but this does not matter when one -or 
other of the methods of outside separation described in Chap. viii. are adopted. 

Tuyeres. —In good work these should be covered by a thin scale of slag, 
through which the glowing interior should be visible in spots like stars. When 
a tuyere appears to be black it should be “ rodded'' with a pointed f-inch 
steel bar, so as to break away the short nose which has formed, and this 
treatment should be repeated as often as necessary. 

Working Eorce.~The number of men required round a furnace will vary 
very much according to the arrangements for handling the charge, for feeding, 
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and for handling the slag below, not to speak of the efficiency of the labour 
available, so that no general rule can be given. With labour of average 
efficiency, say that of the Continent of Europe, and no special mechanical 
appliances, a large modern furnace smelting, say, from 200 to 300 tons of 
charge per day, may require in all per twenty~four hours from 36 to 42 men, 
or, say, from one-fifth to one-eighth of a man per ton smelted. 

Irregularities in Furnace Work.—Some of the irregularities in furnace 
work, and the modes of rectifying them, are as follows :— 

1. Dark Tuyeres with Dong T^'oses.—The nose is melted off by closing 
the valve of the tuyere in fault, so that the heat from neighbouring tuyeres 
can creep close up to the iron at that point. The same remedy is adopted 
when lumps of ore present themselves at one or two tuyeres; when stones 
■or fine ore appear at several tuyeres at once, the remedy is to run down the 
furnace a few feet and fill up rapidly. 

2. Hot-top ” (over-fire, fire-tops).—This is a very common incident, 
especially in low furnaces, and may be caused by irregular descent of the 
charges ; by too much fine ore in the charge, or by its uneven distribution ; 
by too great blast pressure, especially with a charge composed almost entirely 
•of coarse material, or one containing even a comparatively small proportion 
of exceptionally coarse material; or by wall accretions. It is usually treated 
at first by running down the furnace a few feet and filling up as rapidly as 
possible with a succession of cold charges well wetted down by means of a 
hose, adding a little slag over the hot places. If, however, the defect per¬ 
sistently recurs after, a repetition of this treatment, the remedy must be 
sought further, probably in the removal of wall or hearth accretions. Some¬ 
times, as has been already noted, a considerable increase in the size of the 
■charges will cure the trouble. 

3. Uneven Descent of Charges.—This is usually accompanied by dark 
tuyeres on the hanging side,^^ and is usually the result of bad feeding. The 
remedy is to feed more fuel on the hanging side, and more ore-mixture on 
the quickly descending side, while part of the stream of water may be turned 
off the jackets on the hanging side. Should this not have the desired result, 
a heavy IJ-inch octagonal steel bar is driven down into the hanging part 
of the charge to loosen it and break up any half-fused masses. In charges 
containing much zinc it is preferable to drive down the bar at once, so as to 
break off any incipient accretions. 

4. Obstruction of the Syphon-Tap.—This may be caused by (a) lead 
sulphide held in solution in the lead separating out on cooling; (b) copper in 
the lead acting similarly. A temporary remedy is to chisel out the bottom 
of the well containing the lead and insert into the channel a succession of 
thick iron bars heated red hot. The permanent remedy is a slight alteration 
in the charge. Sulphide in the lead indicates a lack of reducing power caused 
by a want of heat in the smelting zone, and may be cured by adding a little 
more fuel, or, sometimes, by adding more iron flux or by slightly diminishing 
the blast. Copper in the lead points to the necessity of adding more sulphide 
ore to the charge, so as to carry it into the matte. Drosses in the crucible 
are often accompanied by an incorrect slag, sometimes high in lead and by an 
irregularly sinking furnace, showing hot-top locally and “blowing through.” 

5. Wall Accretions or ‘‘Hangings.”—In the charges of many modern 
lead furnaces, which run so high in zinc, the growth of wall accretions is at once 
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the most serious and the most commonly recurring of all furnace troubles. 
Besides contracting the furnace area and, therefore, reducing its capacity^ 
they always cause irregular descent of the charges, and increase the amount 
of flue-dust formed, through the concentration of the blast over a smaller 
area; while they generally cause a “ hot-top,'’ and grow so fast after once 
starting, that if neglected on a highly zinciferous charge, they inevitably cause 
the furnace to be blown out. As soon as they begin to cause irregularities 
they must be detached, an operation known as “ barring down." At some 
Australian works it is customary, when treating an ore-mixture high in zinc, 
to drive down a long steel bar in the four corners of the furnace once every 
twenty-four hours, with the object of detaching incipient crusts: at others, 
each furnace is let down several feet every two or three days, or in extreme 
cases even once daily, with the object of tracing more clearly the growth of 
these accretions. The usual place, however, for hangings to form is about a 
couple of feet above the jackets, from which point they rapidly grow 
upward. 

Eemoval of the hangings may be accomplished either by smelting 
them out or by dragging and lifting, or by both methods combined. The 
actual barring down is done as follows :—The furnace is fed down slowly 
with a slackened blast till the charge has reached the top of the jackets, no 
lead being drawn from the well meanwhile, so that the crucible may be full 
of lead, which is kept hot by the coke floating on it. The blast is then stopped 
entirely, the tuyeres closed, the supply of water to the jackets nearly cut off,, 
and the whole of the slag tapped out. A double charge of coke is then thrown 
into the furnace, with some slag and iron flux, so as to form a bed for the dis¬ 
lodged material to fall upon. The cutting out of the accretions is then com¬ 
menced from the bottom upwards by means of square-pointed 1to 1 J-inch 
steel bars 16 feet long, which are driven with sledges into the crust just above 
the jackets from the opposite side of the feed floor. As pieces of the hangings 
are broken off, charges of fuel, slag, and fluxes are added, if the material is 
to be smelted out in the usual way, until the whole of the crusts have been 
cut off, when smelting is again started under a light blast, keeping the level 
of the charges low for an hour or two. Once broken up, the hangings will 
frequently “ smelt out " with great rapidity, and the slag needs to be tapped 
very fast. If a crust has formed on top of the lead it is broken up as far as 
possible with a steel bar through the taphole before turning on the blast, 
and soon smelts out, especially if a few bars of lead or a large charge of dross 
are thrown into the furnace on top of the crusts, so as to come down hot 
and help to heat up the crucible. 

If it is preferred to rake out part of the crusts, this is done by cutting 
away part of the bricks between the jackets and the deck frame. The broken- 
up accretions are then raked out and sent either to the roasting furnaces, to 
the fuse box of a slagging roaster, or to a separate smelting reverberatory ; 
the opening is bricked up, a few slag charges given, the furnace filled with 
the ordinary charge, and the blast turned on again for regular work. '' Smelt¬ 
ing out" is, however, usually preferred as being simpler and cheaper. 

The smelting out of hangings is much facilitated by charging along the 
sides of the furnace right up against the brickwork a small quantity of salt- 
cake. It is, however, advisable to let down the charge as far as the top of 
the hangings before adding the salt-cake, inasmuch as the corrosive effect 
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■of this substance upon the brickwork may be almost as great as upon the 
accretions themselves. 

6. Hearth Accretions or Sows.’’—The formation of accretions or 
crusts on top of the lead is indicated by the descent of the charge in jerks 
accompanied by sudden bursts of flame, sparks, or even pufls of smoke ; and 
by the lead in the well becoming dark and cold, and ceasing to play '' with 
the blast. The position and extent of the crust can generally be determined 
to some extent by inserting iron rods through the slag taphole. The most 
usual form of crust is one which begins at the back of the furnace and gradu¬ 
ally grows towards the front, cutting off communication with the crucible 
and forcing the lead to run out with the slag. The usual cause of hearth 
accretions is a wrongly calculated charge, and a slag analysis will generally 
supply the key to the trouble. It is here that the value is seen of rapid 
methods which give fairly accurate results in an hour or two. In the mean¬ 
time all that can be done is to give a slag charge now and then, and to slacken 
the blast so as to give a high temperature at the tuyeres, drawing as little as 
possible from the lead well, so as to keep the level high, and breaking up the 
crust as much as possible by driving in steel bars through the taphole and 
in low top-feed furnaces by driving a long bar down through the mass of 
charge from the feed floor. 

Generally, by this means and by an appropriate alteration in the com¬ 
position of the charge, the crust can be smelted out, but sometimes it will 
not yield to such treatment, and has to be removed from the furnace bodily. 
To do this, the blast is stopped and the tuyeres taken out, the openings in 
the jackets plugged with clay, and, after passing heavy steel bars through 
opposite tuyeres near the front of the furnace to hold up the mass of charge, 
the breast or tapping jacket is taken down. The cold slag in front is chipped 
away, and a little of the charge raked out, balls of clay being rammed up 
under the front jacket to prevent the remainder from coming down. After 
ladling out the pool of lead, which will be found in the front of the furnace, 
the crust is exposed and broken up by starting a hole in it with a l^-inch 
square-pointed steel bar, and then wedging it up in pieces by means of heavy 
2-inch bars. After breaking up as much as possible of the crust and raking 
it out, the clay is removed, the space in front filled with charcoal or coke, and 
the breast jacket replaced ; after which the steel bars through the tuyere 
are pulled out, the clay stoppers in the tuyere holes replaced by the tuyeres, 
and a gentle blast is let on. The lead ladled out, together with a few more 
bars, is added to the top of the charge, and smelting is resumed in the normal 
way, except that the taphole requires to be frequently ‘‘ rodded,'' in order 
to keep open the communication with the lead in the crucible. 

The above described method of removing crucible crusts, not only takes 
a good deal of labour, but also involves much loss of time. A new method, 
employing dynamite, has come into use at the works of the St, Joseph Lead 
Co. (Mo.).* A bomb is made from a I-inch pipe nipple about 4 inches long, 
closed by means of socket unions and plugs, lined with ^-inch asbestos mill- 
board, and charged with about one-seventh of a stick of 50 or 60 per cent, 
dynamite, protected at both ends by plugs of loose asbestos. The iron plug 
at one end of the bomb is tapped for a •J-inch iron rod from 4 to 7 feet long to 
serve as a handle, by means of which the bomb is lowered quickly through the 
^ E. and Oct. 17, 1908, p. 763. 
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sypkon-tap till it rests on tlie bottom in the centre of the furnace. Explosion 
takes place in from 15 to 25 seconds, and, while not violent enough to attect 
the brickwork, if the charge of dynamite above mentioned be not exceeded, 
it always breaks through the crust, and often splashes slag into every tuyen^ 
of a large furnace. The lead in the well is suddenly expelled, carrying with 
it frequently fragments of accretions, and often a quantity of mushy or half- 
fused material. One bomb is often sufficient to restore circulation if used 
in time— i.e., as soon as lead first makes its appearance with the slag—but 
in bad cases three or four shots at half-hour intervals may be necessary to- 
effectively break up a large accretion. 

7. Cracked Jackets,—A cracked jacket will often produce a crust on the 
lead; although the crack may be sometimes temporarily stopped by throwing 
balls of bran or of fresh horse-dung into the water feeders of the jacket, 
this can be only a temporary remedy. A burnt wrought-iron side jacket 
requires the blowing out of the furnace for its replacement, but a cracked 
cast-iron “ sectionor end jacket can be easily replaced in the following 
way:—First, a full stream of water is turned on, so as to cool it and thicken 
the crust of chilled slag lying against it, while two courses of brick are chisidled 
out above. Next, the blast gate on the branch blast pipe is closed, and the 
water supply of the cracked jacket is shut off. It is then propped up tcmi- 
porarily, unbolted from its fellows, and taken down, a new one being put 
into its place after carefully cleaning the seat from chilled slag. Should the 
melted slag break through the crust, it can be stopped by clay balls, and by 
playing on the crust for a moment with a hose, if necessary. 

Furnace Book-keeping,—Careful account must be kept of the work 
done in the furnaces, debiting to them the quantities of metals in the charge* 
as shown by the weights and assays, and crediting the products turned out. 
The exact form of ruling adopted for these operating books must be decided 
by circumstances. 



CHAPTER X. 


BLAST-FURNACE LEAD SMELTING--PRODUCTS. 

It has already been seen that the principal products of lead blast furnaces 
are four in number—viz., (1) Work-Lead; (2) Matte; (3) Speiss (not often 
produced); and (4) Slag; besides which secondary products, such as wall 
and hearth accretions and flue-dust, have to be taken into account. 

1. WORK-LEAD. 

Work-Lead, Pnrnace-Lead, or ^‘Base-Bullion.”—The lead produced 

in the furnace may be either ladled into moulds direct from the lead well or 
tapped from it into a movable cooling pot, from which it is ladled into moulds 
of thin cast iron (with the name of the works in raised letters on the bottom) 
of the shape shown in Fig. 195. They are whitew’ashed to prevent sticking, and 
hold on an average about 110 lbs. each; they must be carefully warmed the 
first time of using, but the heat of the lead keeps them afterw'ards at the right 



Fig. 195.—for Lead Pigs. 


temperature. At Tarnaicitz similar moulds are fixed upon a link belt which 
is moved by hand power as required, the cooled bars being dropped on to a 
track below the axle carrying the belt. At a large number of works the moulds 
are placed in a row side by side upon a long track, w’hich is pushed transversely 
across the stream of metal tapped from a cooler in which a good deal of dross 
is removed. 

Comparing tapping the lead well with dipping from it the latter has the 
advantage that the level of the lead is kept more even, by which the tendency 
to form a crust is lessened ; it is, therefore, preferable when the percentage of 
lead in the charge is as low’ as 8 per cent, and also when the lead is to be sold to 
independent refining w'orks, as in that case it is advantageous to mould a good 
proportion of the dross together with the lead without skimming. When, 
however, the refinery and the smelting works belong to the same proprietors, 
it is generally preferable to tap the lead into a cooling pot in which the dross 
is skimmed off to be returned to the furnace, w’here its copper contents can 
be taken up by the matte, and from w’hich the skimmed lead can be ladled 
at leisure into the moulds. The dross is usually returned direct to the blast 
furnace, and few analyses of it are available; two, how'ever, will be found 
quoted in Table XXR’’. 
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The old method of i-asting lead-furnac‘e pip;S'—namely, by ladling from 
a eooling pot—is slow, and requires much labour, particularly when the 
t)utput is large. Accordingly, for some years past it has become customary 
at large works to allow the h‘ad W(‘ll of the blast furnace, to overflow into a 
movable, (‘ooling pot, supported by means of trunnions from a truck, so that 
one pot when hlhal can Ix^ rcanov(‘d to any (‘onvenient casting floor and an 
<‘mpty on(^ substituted, and provided with a spout and with worm hand¬ 
tipping gcnir, so that its (‘ontexits can be delivered either into moulds direct, 
or into a large dressing or casting pot, a.s is more common when the pigs of 
lead have to b(‘- shipped to axi inchqxendent relining works. 

At Aguascalmitcs, Monterci/, Torreon, and other Mexi(‘an plants'^ the 
tipping pots are run to a. <*onv(‘ni{mt central casting sh(‘d, w1ut(‘, their contents 
are tipp(‘d into ont^ of a- pair of large drossing pots provid<‘d with small fire- 



plax'CH and fdh‘d aHaamately. Wlum oni‘. of thest*. pots has been filled with 
lead at a, txnnpe.raturt* but littl(‘ abov(‘ its mtdting point, it is cartdully dressed 
by skimmixig, and the cont.enis then (‘.ast by nnoins of th<^. usual Bteitx 
syphon (for description of which sxh*. dhap. xiv.) into a row of moulds standing 
in a semicirel(‘ in froxit (d tint pot. 

At the National or No, 3 8mel(er (Monteriy)*'* two ktttthts, (> htet 4 inches 
<!iam(tter by 3 feet deep, bedding 20 tons of base bullion each, receive alter- 
xiately tin*. lead from all the t(*n Ciirnae(*B. The dross is simply returned to 
t he furnaces. 

At tin* Globe, Pueblo, Bingham ,and other w'orks a similar procedure is 
followed. At tint first-m(‘ntioned, not only is the lead from all the blast 
furnaces taken in tipping pots to tin* 30-ton kettles to be drossed, but it is 

PrimU Notes, 1902. t xvi., j). CiOS. 
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poled in these with steam for ten minutes before casting, the dross being 
returned to the blast furnaces. 

At Puehh the lead is drossed without the use of steam, and the dross, 
before going back to the furnaces, is put through a Howard press to free it 
as much as possible from lead, after which it goes back to the ore furnaces. 

At Bingham the lead is taken from all the furnaces to three 30-ton kettles 
in the casting house and is drossed before casting as usual, the dross in this 
case being liquated in a reverberatory before going back to the furnaces. 

At Smelter No, 2, Monterey (Mex.),'*' not only is the dross skimmed from 
the casting kettles liquated in a reverberatory furnace so as to get out as 
much lead as possible, but the liquated dross, instead of being thrown into 
all the ore furnaces indiscriminately, which results in circulating a good part 
of it continuously, is reserved and all put through with the charge of one 
furnace. By this means, even when copper is comparatively scarce, at 
least the matte from that one furnace is made high enough in copper for 
separate treatment, while the work-lead from the other furnaces is kept much 



cleaner, and so is more easily refined. This must be pronounced far better 
practice than the common one of returning furnace dross indiscriminately. 

The tipping pots employed for conveying the lead from the furnaces to 
the casting and dressing kettles vary somewhat in form and dimensions, but 
the general type is well illustrated by Figs. 197 and 198, which represent 
the tipping pots in use at Selby which hold ten pigs each. 

In some cases, when the refinery is close at hand and under the same 
ownership as the smelting works, the dressing pot is dispensed with and the 
lead moulded direct from the tipping pots after some preliminary dressing 
in these. 

Fig. 196 shows the general arrangement in use at Selby (Cal.) f for casting 
direct from the tipping pot into moulds. Figs. 199 and 200 show details of 
the water-cooled moulds in use at this plant. The moulds are cast inde¬ 
pendently, but arranged in a row of ten inside a shallow rectangular box full 
Private. Notes, 1902. 

t Bennett, E. and M. J. vol. Ixxxvi., July 11, 1908, p. 83. 
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of water whirli (alters eontinuously throu^'h a 1-iiich pip(% and overflows 
eontinuously throuii;h a ,*i-ineli pi})(‘. Ijinikaj^e between ont‘. mould and its 
neighbour is pr(^veut(‘d by the overlapping lip shown. The grooved ledg(‘ 
underneath tlu' overlapping lip of th(‘ next mould was designed to hold clay 
or oakum packing to prevent leakage, hut it was found to All with particles of 
graniilattai haul fornunl as the stnaim struck the tops of the moulds, and so 
soon mad(^ a tight joint without any packing, thus pnwumting haikage into' 
the water-box* Tlu‘ pigs an^ removiMl from the moulds with the help of a 
sharp sttafl pick, which, upon btang driv(*n into one end, lifts it sufficiently 
for tln‘ att(mdant to g(d. his hand uudermaith. The' ca-pacity of the two blocks 
of ten moulds caich is suflunemt for (‘veu an abnormally large output of oiu^ 
large furnacca 

CompoBition, Except gold and silver, all the foreign substances present 
in furmui' lead apptair to colhafl. during cooling in a dross which rises 
to th(‘ Hurfacca Wlum th(» haul is Idghly impure the irregular distribution 
of tliis dross (whu’h is always poor in sihau') may give rise to an 
extrenudy irn^gular distribution of siKau' in tlu^ ditbnamt parts of 
the bar. Wlum tlu* lead is not uudcT per camt. tlu' silver is pretty 




Fig. 2U(i. Longitudinal Stnaion VVatiu’-eoohHl Mould (Selby). 

regularly distributed tlircniglumt it, the bottom and ends being richer than 
the upptu* portions, and t!u‘ camtn^ of the sides l)eing tlie riclu^st of all. Raht, 
in an elaboratt* artieha^ shows that tlu‘ distribution of silver in tlu‘ bars 
follows tlu^ rate of cooling, and that, t‘ontrary to what might b(‘ caxpeeted from 
a eonsidcu’ation of the Pattinson pro(a‘SH (q.v.) tlunigh cpiite in aceordanc(‘ 
with tlu‘ nudting points of tlu^ two medals, those* parts of a bar which solidify 
first are tlie rielu‘st in silver, while the* low(‘st silv<*r contents are in that part 
whic'h eoefls last - usually the centre of tlu^ upper surface. Gold is also con¬ 
centrated towards the bottom of tlu^ bar, for which tendenc.y its great density 
is doubtless (|uite as much n^sponsible as its high melting point. The more* 
impure* the* bullion tlie more irregular is the distribution of the* pre'c.ious 
metals. 

The* irregularity in composition renders nec(*ssary speH-ial pree*autions in 
sampling, A very good way is to saw the bars across and take*, the sawdust 
as sample*, but the more* usual way is by nmnns of a long-handled, hollow ^ 
spherk'ul mallt‘t fitte‘d with a movable hollow puneli, whi(*h is simply driven 

Mtnmd Induntrn, vul. iii., p. 414, 
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about 2 inches into each bar of lead by a single blow, the chips being forced 
back into the hollow mallet, whence they are removed at intervals. The 
usual system is to take a row of five bars face upwards and drive the punch 
into each in a diagonal line from the far end of the first to the near end of the 
fifth ; then, turning the bars over, another sample is taken from each along 
the opposite diagonal. If the holes are correctly spaced (which after a little 
practice can be done with great rapidity) the sample may be approximately 
accurate. The chips from each truck load of bars (say 10 to 15 tons) are 
melted down in a plumbago crucible, well stirred with an iron rod, and poured 
into a mould. The resulting sample bar is drilled completely through in 
three or four places, or is sawn across in two places, the sawdust being taken 
as the final sample. More accurate spacing is ensured by marking all the 
bars beforehand with a suitable templet, which marks the proper position 
for the punch on each bar along the diagonals as explained. 

Another method of sampling recently adopted at a leading American 
works, according to Hofman,* consists in sawing into each bar by means of 
a circular saw provided with stops so as to prevent the cut going more than 
half-way across. The cuts are taken alternately from near the ends and 
from the middle, and the whole of the sawdust is taken as the sample. 

As regards the accuracy of chip samples, Claudet shows t that in the case 
of a rich base bar of lead containing Cu 2*00, Sb 0’57, As 0T8, Fe 0'08, Ag 3*32 
( = 1,084 ozs. per ton), the difference between the end and the middle chip- 
samples on the top surface was as much as 59 ozs., or nearly 6 per cent, of 
the total present, and on the bottom surface 121 ozs., or nearly 11 per cent, 
of the total present, while the highest and lowest assays obtained from different 
parts of the bar were respectively 896 ozs. and 1,552 ozs., an extraordinary 
•difference indeed. With lower grade lead bullion containing Cu 0*65 per 
cent., Sb 0*82 per cent., As 0*04 per cent., Fe 0*08 per cent., Sn, 0*15 per cent., 
Bi 0*04 per cent., Ag 150 ozs. per ton, the lowest assay chip from the top 
surface was 144 ozs., and the highest from the bottom, 162 ozs. Such 
differences show that even with due precautions to take the samples in proper 
places with the aid of a templet, chip-sampling is only an approximation to 
the truth, and accurate samples can only be obtained by sawing half-way 
through the bars at several points and taking the sawdust as sample. 

2. MATTE. 

Composition.—The mattes formed in lead smelting are mixtures of 
various metallic sulphides, iron almost always predominating, but replaced 
more or less by lead and copper, and to a smaller extent by Zn, Ni, Co, Mn,J 
Ag, As, Sb, and Ba; other occasional constituents being Ca, Mg, and Bi, 
and, under exceptional circumstances, even the alkali metals § may be found 
in matte. At the plants treating Broken Hill ores, which are smelted rather 
quickly at a low temperature, and are comparatively low in iron, the matte 
contains a high proportion of PbS and ZnS. The amount of copper in matte 
depends entirely on that present in the ore, for nearly the whole of it goes 
into the matte. The percentage of lead in the matte depends almost entirely 
upon the reductive power of the furnace, which in its turn is chiefly affected 

* Ihid., vol. iii., p. 425. t Trans. Inst. M.M., vol. vi., p. 32. 

J E. and M. J., 1900, p. 44. , Canby, E. and M. J., Jan. 1, 1899, p. 3. 
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by its height, the fuel consumption, and the formation temperature of the- 
slag. Generally speaking, the higher the furnace, and the higher the melting 
point of the slag, the lower will be the percentage of lead in the matte. 

It is generally supposed that iron exists in mattes as FeS, and this is no- 
doubt the case as regards the greater portion of it. The presence of magnetic 
iron oxide in some mattes has, however, been known for many years. Guyard,*' 
indeed, found 16, and even 23, per cent, of magnetite in some Leadville 
mattes, and supposed them to contain F 0^04 as a normal constituent, formed 
by Percy's reaction— 

FeS + lOFe.Oa = 7 Fe 304 + SOo ; 

but there would seem to be considerable doubt as to the accuracy of his 
analytical methods. Hampe's published analyses of matte, however, always 
show oxygen as magnetite, and the author's analyses of Eio Tinto matte in 
1884-5 showed from 4 to 6 per cent, of Fe ;^04 insoluble in dilute nitric acid. 
According to some papers by Ed. Keller,f it appears that the presence of 
magnetite in copper mattes is almost universal, but the lower the copper 
contents are, the more abundant is the magnetite. The same author believes { 
that, at all events, in mattes from reverberatory copper smelting, magnetite 
is always present in mattes of lower specific gravity than its own (5*17 to 
5*18); whereas, when the matte is of higher specific gravity, magnetite goes 
into the slags. Gibbs § has also noticed the prevalence of magnetite in rever¬ 
beratory mattes, and suggests that it may be due to precipitation by some 
oxidising agent rather than exist as an original constituent. In the neutral 
atmosphere of a reverberatory furnace it is possible, that Feo 03 in the roasted 
ore may be reduced to Fe 304 by Fe 7 S 3 or by free S in the unroasted portion of 
the charge. It is, however, not so easy to account for the presence of Fe 304 
in ordinary lead furnace mattes, and, indeed, no recent analysis of which the- 
author has knowledge makes mention of the presence of magnetite. 

As to the condition of the remaining iron it has been frequently observed 
that, after calculating the other metals present to their respective sulphides, 
there is, as a rule, insufficient sulphur left to form FeS with the remaining 
iron, and this is true, even if we allow for the iron present as magnetite. This 
excess of iron has been supposed by some to exist as a sub-sulphide, but the 
view of Munster and Schweder—namely, that the excess exists in the metalhc 
form dissolved in the iron sulphide as a solid solution—seems more probable.. 

From 10 to 16 per cent, of metallic iron is found to exist in the blast 
furnace matte produced by smelting roasted pyritic ores at Zalathna 
(Transylvania),II great part being in the form of distinct shots up to the 
size of a bean. The matte produced in matte smelting at Deadwood also- 
contained, according to Carpenter,^ a considerable quantity of shots of 
metallic iron. Both of these, however, are extreme cases of matte smelting 
with higher reduction than obtains in ordinary lead smelting. Besides the 
metallic iron present as distinct shots on cooling, Keller has found ** that FeS 
can retain in solid solution excess of Fe up to 24 per cent., and that such 

* Emmons, Mon. XII. U.S. Oeol. Survey^ 1886, p. 724. 

t Colo. S.S.M.Q., Dec., 1893 ; and E. and M. J., Nov. 16, 1895. 

t Bull. Am. Inst.M.E., March, 1906, p. 282. § lUd., Nov. 1905, p. 1199. 

I! Earbaki, B. u. H. Zeitung, 1894, p. 177 &t sag. 

H Trans. A.I.M.E., vol. xxx., 1900, p. 769. 

** Bull. A.I.M.E., March, 1906, p. 282. 
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mattes with excess of iron are non-magnetic, in. view of which fact he suggests 
that the excess iron may exist in an allotropic non-magnetic form, 

Pearce, on the other hand, has described * a reverberatory matte rich in 
both copper and lead in which the proportion of sulphur appears to indicate 
-that the iron present exists as FeoS. 3 . This, however, is quite exceptional, 
although some natural sulphides are known in which iron appears to exist 
in that form. It is, however, certain, as pointed out by Keller, that as 
regards the composition of ordinary mattes containing under 20 per cent. Pb 
and from 1 or 2 up to 40 or 50 per cent. Cu, the only thing constant is the 
percentage of sulphur, which varies between the narrow limits of 22 and 
25 per cent. This percentage appears to be a sort of critical point for mattes 
beyond which sulphur cannot be oxidised out without iron going too. The 
percentage of sulphur remaining nearly constant, wide variations in the pro¬ 
portions of copper and lead are counterbalanced, not only by variations in 
the amount of iron present, but also by differences in its mode of combina¬ 
tion. When the amount of iron is low, part may, in some cases, possibly 
exist as Fe^S.^; when high, a portion is always found as Fey 04 , generally 
another portion also as free metallic iron. In the case of mattes very rich 
in lead it is possible that in some cases metallic lead may be present, simply 
held in solution in the excess of lead sulphide. 

Lead mattes being mixtures of various metallic sulphides, their melting 
points vary considerably (and, indeed, as will be seen, on account of partial 
separation, their solidification is gradual). With the exception, however, of 
the non-ferruginous or little-ferruginous lead-zinc matte formerly made at 
Broken Hill plants, it may be taken that all ordinary lead mattes melt 
completely at temperatures below 978°, the freezing point of FeS. 

Table XXV. gives, according to the best recent determinations, freezing 
points of some of the principal ingredients which go to make up lead 
mattes. 

The fact that in ordinary mattes the proportion of sulphur is never 
sufiicient to form CuoS, FeS and PbS with the metals present, probably 
indicates that a portion of those metals exists as such, either held in solid 
solution in their respective sulphides, or separated out on cooling. Through 
the researches of Friedrich, Weidmann, Bolles, and especially of Fulton and 
Goodner,*!* it may be regarded as established that lead-copper-iron mattes 
after solidification may contain all or any of the following substances, and 
generally do contain not less than four of them, recognisable in polished 
sections under the microscope, viz. ;— 

1 . FeS, capable of holding up to 5 per cent, of Cu^S in solution, and partly 
dissociated at the temperature of matte formation, so as to contain a certain 
amount of metallic iron enclosed within it. 

2 . A conglomerate eutectic of FeS and CmS with about 79 per cent, and 
21 per cent, respectively ( = 17 per cent. Cu), which freezes at 895° C., and 
which occasionally becomes dissociated into Xos. 1 and 3. 

3. CuoS, which dissolves up to 20 or 25 per cent, of FeS, and partly dis¬ 
sociates at the temperature of matte formation, so as to contain a certain 
amount of metallic copper. This constituent is only seen in mattes high in 
copper, such as concentration mattes; the metallic copper appears to be 

* Trans. vol xviii., p. 65. 

t Bull. Am. l.M.E.y Nov. 1908., pp. 959-995. 
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TABLE XXV. —Freezing Points OP Metallic Sulphides and 
their Eutectics. 


Substance. 

Freezing Point. 

Composition of Eutectic. 

Authority. 

ZnS, 

1670° 


Friedrich v. Fulton, Bull. 
A.I.M.E., Not. 1908, p. 966. 

CuoS, 

1152° 

.... 

Hofman, Trans. vol. 

xxxviii., p. 147. 

PbS, 

1114° 


Friedrich, Metallurgies v., 
1908, p. 51. 

PeS, 

078° 


Hofman, loc. cit. 

Ag,S, . . 

835° 


Friedrich, Metallurgie, iv., 
1907, p. 671. 

PbS . ZnS, . 

1045° 

8% ZnS, 92% PbS 

Fulton, Bull. A.I.M.E., Nov. 
1908, p. 967. 

CuoS . FeS, . 

875° 

21% CuoS, 79% FeS 

Rontgen, quoted by Fulton, 
loc. cit. 

Cu,S.Ag,.S, . 

677°-1150° 

No eutectic * 

.... 

PbS. FeS", . 

782° 

70% PbS, 30% FeS 

Weidmann, quoted by Fulton, 
loc. cit. 

PbS.CuoS, . 

535° 

49% PbS, 51% CuoS 

Friedrich, Metallurgie, iv., 
1907, p. 671 ; confirmed 
by Fulton, loc. cit. 

_ ____ 

_ 

1 

, 


held in solid solution by the matte at temperatures far below its solidification 
point, in fact, down to 103° C., at which temperature it separates out 
abmptly.f 

4. Metallic iron, mostly, however, in mattes low in copper and lead, and 
but rarely in typical lead mattes. 

5. Metallic copper, only, however, in concentration mattes. 

6. Zinc sulphide in crystals. 

7. Enclosed slag crystals. 

8. Lead sulphide, nearly pure. 

9. A conglomerate eutectic of PbS and CuoS with 49 and 51 per cent, 
respectively of those sulphides, and freezing at 540°. 

Ordinary lead furnace mattes, containing, say, 5 to 12 per cent, copper 
and 10 to 16 per cent, lead, with, say, 5 per cent, zinc, do not appear to have 
been investigated by the above authors, but from a consideration of the 
constituents identified by their researches as existing in mattes with higher 
percentages of copper and lead, it is evident that, besides No. 6, and occasion¬ 
ally No. 7 of the above ingredients, such mattes will always contain as their 
preponderating constituent No. .1 of the above list, and, as the constituent 
of secondary importance. No. 9. Either No. 3 or No. 8 will be present, 
according as the amount of copper is greater or less than that required to form 
the eutectic with PbS. In addition, with mattes low in copper and high in 
lead, there will be a still further constituent—namely, the eutectic PbS, FeS. 

* Ca,S and Ag..S appear to be completely soluble in all proportions, and remain so 
when solid ; the freezing points of mixtures of the two sulphides show a continuous curve 
with lowest point at 30 per cent. CmS. 

t This explains the often-observed fact that rich copper mattes when broken while 
still hot, although quite solid, can often be seen to “ sprout ” and throw out filiform 
metallic copper. 
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Taking, for example, a typical lead matte with 15 per cent. Pb, 10 per 
cent. Cu, 5 per cent. Zn, and the balance FeS, with more or less excess Fe, 
its manner of cooling, according to the data and micrographical researches of 
Fulton and Goodner, would appear to be, according to the following stages:— 

1. Separation of 7 per cent. ZnS at a temperature but little below the 
formation temperature of the mixture. 

2. As the matte cooled below 978° C. gradual separation of 50*3 per cent. 
FeS together with free Fe, the operation being completed above 875°. 

3. Separation of 2*5 per cent, of the eutectic PbS. FeS at the temperature 
of 782°, its freezing point. 

4. Separation of 10*2 per cent, of residual FeS at some temperature below 
782° and above 535°. 

5. Final freezing of the eutectic PbS. Cu^S at 535°, its freezing point. 

Analyses of blast-furnace mattes from lead smelting works are given in 

Table XXVL, a few being re-calculated to show the mode of combination of 
the iron. 

First mattes produced in blast furnaces from a mixed ore-charge not rich 
in lead rarely contain more than 5 to 10 per cent, copper and 10 to 16 per 
cent, lead, though they may carry more lead if the fuel consumption is too 
low. The proportion of lead in mattes is controlled almost entirely by the 
slag composition and the fuel consumption. A high proportion of lead 
generally accompanies a high percentage of silica in the slag and almost 
always indicates imperfect reduction, Le., a low fuel consumption; the 
formation of matte unusually low in lead, on the other hand, is encouraged 
by basic slags, whether the excess be iron or lime, and is generally caused by 
over-reduction— Le., excessive fuel consumption. 

Precious Metal Contents of Lead Mattes. — The researches of 
Friedrich and others summarised by Fulton and Gardner f have confirmed 
the opinions long held by practical metallurgists as to the relative values of 
various metallic sulphides in concentrating the precious metals. It was 
known long ago that simple ferrous sulphide has but little afi&nity for either 
gold or silver, such concentrating efiect as it does possess for the former 
being due to the presence in it of metallic iron, which has a powerful afi&nity 
for gold, though not for silver. Metallic copper present in high-grade con¬ 
centration mattes has a powerful solvent action on both silver and gold. 
The solvent action of zinc sulphide being practically nil, its presence in matte 
cannot improve the solvent power of plain iron matte. Lead sulphide, how¬ 
ever, has a powerful affinity for silver sulphide, which it dissolves at all 
temperatures in proportions from 2 per cent, upwards, and it probably has 
some solvent action on gold. Cuprous sulphide has an exceedingly powerful 
affilnity for silver sulphide, the two sulphides dissolving each other in all 
proportions, and it has also a high affinity for gold. It is, therefore, essential 
that for matte to be a good collector of both precious metals it should carry 
a considerable percentage of copper, and this was well known in practice 
long before it was demonstrated experimentally. 

The variable gold and silver contents of lead mattes are well exemplified 
by the analyses given in Table XXVI.; but, in order to properly appreciate 

* For the reasoning which justifies these conclusions, reference should be made to 
the original paper. 

\Bull A.I.M.E., Nov. 1908, pp. 960-995. 
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the meaning of the figures, it is necessary to consider the precious metal 
contents of any given matte in conjunction with those of the work-lead 
produced at the same time. The matter will he referred to again in a later, 
chapter, but the following general statements may be made here :— 

1. Ordinary lead mattes produced in the ore furnace, carrying, as a rule, 
no free copper and very little free iron, are always poor in gold, because 
neither FeS nor CU 2 S and PbS have any marked affinity for that metal, and 
there appears to be no direct connection between the gold content of the 
bullion and that of the matte. 

2. Of silver, however, a notable proportion is always carried into the 
matte, and careful investigation shows a fairly close connection between the 
silver in the work-lead and that in the matte, for it appears that the PbS 
and CuoS in the matte are each about as efficient in dissolving and collecting 
silver as is the work-lead itself. By adding together the percentages of 
PbS and CU 2 S, therefore, and reckoning that each will have the same silver 
contents as the work-lead, an approximation can be made to the precious 
metal contents of the matte, which, however, will generally be richer in silver 
than this mode of calculation would indicate. 

Treatment of Iiead Mattes.—In the first instance, lead mattes are 
simply returned to the ore furnace, in order to raise their percentage of copper 
up to from 10 to 14 per cent. They are then worked up by roasting and 
smelting together with a part of the ore charge, which serves the double 
object of extracting most of their lead and a good proportion of their silver- 
while concentrating the copper, and securing an additional iron flux for the 
lead ore smelted. 

Preparation.—Lead matte is usually obtained in the form of cakes flat 
on the top and having the form of the pots or moulds into which it was tapped. 
These cones have to be broken up by hammers and passed through a stone- 
breaker and rolls as a preparation for roasting in reverberatory or other 
furnaces. When matte is produced in large quantities in a liquid form, 
as is usually the case now, especially when internal or external fore-hearths, 
or Iles-Bhodes reverberatories are employed, it can be advantageously 
granulated like slag. 

At the Arkansas Valley (Leadville), and perhaps at some other large 
modern works, the molten matte tapped into hand pots is poured into the 
centre of a jet of water under pressure of 20 to 30 lbs. per square inch issuing 
from a flat fan-shaped nozzle (preferably of brass) about 3 inches by J inch. 
Provided the matte be sufficiently hot, the water cold, and the pressure not 
too low, all the matte granules will pass an 8-mesh screen and can be roasted, 
while the pot shells which have to be roasted or returned should not exceed 
5 to 8 per cent, of the whole. At some works matte is granulated direct 
from the forehearths. The advantages of this practice are obvious; 
the only disadvantage is the (comparatively little) trouble and expense 
required to collect the granules from suitable tanks and load them into cars 
for elevation to the roasters. 

There seems to be, however, a pretty general consensus of opinion that, 
on account probably of their polished and toughened skin, granules of low- 
grade matte are much harder to roast than are crushed particles of similar 
size. For this reason most metallurgists prefer not to granulate their matte 
for roasting, but to crush and roll it. Thin flat cakes are much more con- 
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■venient for crusliing tlian large thick masses, but when the method of matte 
handling adopted at the works involves casting the matte in fairly large 
•cakes, much labour is saved in preparing these for crushing by the simple 
expedient of playing water sprays upon them as soon as turned out and while 
still red-hot, under which treatment the large masses break up, and each 
piece becomes fissured with innumerable joints, much facilitating its sub¬ 
sequent crushing. 

The roasting of lead mattes has been already dealt with in Chap. v. in 
connection with the roasting of ores, thus lieap-roasting as practised at Claus- 
thal, at Penarroya, and formerly in Utah and other places in the United 
States, will be found referred to at p. 72 ; stall-roasting^ as practised at 
Przibram and San Luis Potosi, at p. 73; and Idln-rcasting, as practised at 
Freiberg and Lautcnthal, at p. 75. 

As regards roasting in reverberatory furnaces, which is the common 
practice, the only respects in which matte roasting differs from ordinary 
ore-roasting a.re 

1. On account of its different physical condition, it is best to crush matte 
finer than ore. 

2. Miu*h mor(^ ca,r(‘ is necessary to prevent sintering. 

3. In spite of matte c.hargcs being often heavier than ore charges, they 
roast so much more slowly that the output of a furnace when roasting matte 
is always less than when roasting ore; the fuel consumption, moreover, is 
g(‘n(u*aliy somewhat greater. 

The same remarks, of course, apply to roasting matte in mechanical 
furna(‘,es, and it may be added that matte being often richer in silver than 
the'. av('rag(^ sulphide or(‘.s that are roasted, it is advisable not to use revolving 
cylinder furnac'es or other types subject to a heavy dust loss. Generally, 
therefore, hand reverberatories are still employed for roasting lead mattes 
in preference to any form of mechanical furnace.* 

Concentration-Smelting of Roasted Matte. —Formerly, when less 
copper was prc'scmt in the ore charge of custom works than is common 
nowadays, it was (mstomary to return the first matte to the blast furnace 
as iron flux several times, until it was concentrated in this way up to 15 per 
c(‘nt. copper. This practice is still followed where copper is scarce, but it is 
nowadays quite common for the first matte to carry 10 or 12 per cent, copper, 
and for this to be (‘nneentra-ted separately forthwith without returning to the 
ordinary charge. 

The peculiar practice', of gradual concentration followed at Clausthal, but 
<‘lscwhere obsolete, will be found referred to in Chap, xi., chiefly on account of 
its historical interest. 

At the Aurora Works (Ills.) a first matte containing 7 to 15 per cent. Cu, 
10 to 18 per cent. Pb, and 15 to 60 ozs. Ag per ton, was roasted and returned 
to the ore furnace until its copper contents were over 15 per cent., when it 
was roasted and (concentrated by smelting with siliceous copper ores; the 
(‘('suiting second matte, containing 10 to 15 per cent. Pb, 35 to 45 per cent. 
(Ju, and 60 to 100 ozs. Ag per ton, was sold or worked up on a cupel hearth 
for gold-bearing bottoms and silver-bearing rich copper matte. 

* Table Xll. gives particulars of the roasting of lead mattes in the Brown Horse-shoe 
and Pearce Turret types of furnace. 
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At the Germania Works (Utah)* the first matte used to run about 10 per 
cent, weight of the charge, ranging from 8 to 10 per cent. Cu, and on an 
average 15 per cent. Pb ; it was roasted and returned to the ore charge till 
it reached 15 to 20 per cent. Cu. It was then roasted aud concentrated in 
separate furnaces with siliceous copper ores, producing a second matte with 
about 40 per cent, of copper, which was sold to copper smelters. 

The usual practice nowadays is to smelt roasted matte separately from 
the ordinary ore charge whenever it contains 10 to 12 per cent, copper or 
over. Besides the roasted matte, the charge consists of all the siliceous 
coppery ores available (up to the fluxing capacity of the oxidised iron in the 
matte), and pot-shells and similar foul slag from the ore furnace. The silver 
contents of the ores added to the charge are kept as low as possible, inasmuch 
as the separation of silver from copper is comparatively costly, and only 
95 per cent, of the silver present in high-grade matte is paid for by copper 
refiners, besides which the collection of silver by high-grade matte is not as 
perfect as in the ore- furnace. Gold, on the other hand, being perfectly 
collected by matte and easily recovered from the product, it is advisable to 
add siliceous gold ores to the matte-concentration furnace to the extent of 
the fluxing capacity of the matte. 

The furnace used for concentration-smelting of roasted matte is usually 
an ordinary lead furnace, the crucible of which has been filled with well- 
rammed brasque. At some works the bottom of the furnace is left inclined 
either from end to end or from both ends towards the centre, a slag taphole 
being fixed at the highest point, and another taphole at the lowest point, 
through which matte and lead are tapped ofi at intervals to settle in ordinary 
slag pots. At other works the whole contents of the furnace are allowed to 
run out into a forehearth as in copper smelting, the forehearth being pro¬ 
vided with at least two tapholes in addition to the overflow slag spout, so 
as to draw ofi the molten products separately. Even in the former case, 
when most of the matte settles inside the furnace and is drawn ofi through 
its own taphole, it is good practice to provide a forehearth to receive the 
overflow slag in order to settle out any shots mechanically carried away. 

Still another method of handling the products of concentration-smelting 
is that in use at San Luis Potosi (Mex.),f where a taphole at the side of 
the furnace serves for lead, while matte and slag overflow together into an 
Orford type forehearth, which acts like that shown in Figs. 155 to 157, but 
is rectangular instead of L-shaped. The matte compartment is about 
one-fourth the size of that from which the slag overflows, and continuous 
flows are maintained of both matte and slag 

The slags made in concentration-smelting are much more ferruginous than 
those from ore smelting; average figures may be from 30 to 33 per cent. Si02, 
40 to 50 per cent. FeO, and 10 to 15 per cent. CaO. 

A high percentage of fuel is necessary in order to get good reduction; 
for example, 15 or 16 per cent, as against 11 to 13 per cent, required by the 
ordinary ore charge. 

It is further worthy of note that the slag obtained by smelting roasted 
matte with siliceous ores, although low enough in silver, is usually higher 
in lead than an ordinary ore slag. Analysis invariably reveals the presence 
of FeoOjj in these matte slags, and it has been suggested that the oxides of 
^ Private Notes, im. ^ Ibid., im. 
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lead and iron probably exist in tbe slag mutually combined as a result of tbe 
reaction of litharge on magnetic iron oxide present in the roasted matte, the 
reaction being as follows :— 

2Fe,04 + = Pb + 2Feo03 + PbO . FeoOy 

•the resulting ferrite of lead being difficult to reduce. Whatever the reason, it 
is a fact that matte-slags will frequently carry from to per cent, lead, while 
the corresponding ore slags made with a lower percentage of fuel will contain ^ 
only O'6 to O'9 per cent. In order to improve reduction, it is quite common 
to add light scrap iron to the charge, which reduces somewhat the lead carried 
away, though it necessarily increases the tendency to form speiss. This, 
indeed, is quite commonly made in concentration smelting, especially when 
the proportion of lead in the roasted ore matte is low. Sometimes it is a 
true speiss of the general formula FesAso, more often, however, the iron is 
in excess of that proportion, especially when scrap iron has been added to 
the charge. When scrap iron has not been used, occasionally a kind of speiss 
will be formed which is not an iron arsenide, but a complex rich in lead and 
•copper, containing up to 30 per cent, of the former and 45 per cent, of the 
latter, being, moreover, rich in silver, which iron speisses never are. The 
Freiberg speiss, No. 10 in Table XXVII., seems to be of this class, as is also 
No. 11 in the same Table. 

At Murray (Utah)* the roasted matte from eight furnaces is smelted in 
■one filled-crucible furnace yielding matte of 40 to 5^0 per cent, copper, which 
is sent to the Garfield plant. The slags are said to contain only 0'6 per cent. 

Pb and 0*15 per cent. Cu. 

At the Globe t works the ore-matte with 10 to 12 per cent. Cu, 12 to 15 per 
cent. Pb, 40 ozs. Ag, and 0'05 oz. Au per ton is crushed to J inch mesh, 
roasted in hand-rabbled reverberatories, and then smelted to a second matte 
with 45 to 52 per cent. Cu. 

Such lead as is reduced from the roasted matte is always very rich in silver ; 
it is important, therefore, to have the bottom of the crucible as impervious 
as possible in order to minimise absorption, and to handle what is tapped 
out carefully to diminish losses. When matte and lead are tapped out 
together a catch-pot with a taphole near the bottom is frequently used under 
the taphole and from this the matte overflows into other pots. The lead may 
then be tapped out separately into moulds after the matte in the first pot 
has begun to solidify, or the catch-pot may be removed from the furnace 
.and a hook inserted in the matte before it solidifies, so that after solidification 
the cake may be lifted o:ff and the lead poured into moulds. 

The further treatment of the enriched copper mattes obtained from lead 
works does not differ from that of ordinary argentiferous mattes obtained 
from copper ores direct. Their treatment will, therefore, be most appro¬ 
priately dealt with in the volume in this series on the Metallurgy of Silver. 

Nickel and Cobalt in Matte.—The occurrence of nickel and cobalt in 
lead matte is unusual and worthy of special mention. At Mine La Motte (Mo.) J 
ores containing Ni and Co (about 2 of the former to 1 of the latter), the roasting 
and smelting of which has been already referred to, yield a first matte con¬ 
taining 3 to 3| per cent. Ni and Co, 0*5 to 1 per cent. Cu, hnd 20 to 25 per 

* Min. hid., vol. xv., p. 667. t Min. Ind., vol. xi^., pr 398. 

J Neill, Trans. A.I.M.E., vol. xiii., p. 634. - - 
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Re]erences,—l, Emmons, “ C4eol and Min. Ind. of Leadville,’’ Mon. XII. U.8. Qeol Surv., p. 720. 2. Dewey Bull No 42 U S 
Nat. Museum, p. 52. 3. Chirtis, “ Silver-Le.ad Deposits of Eureka,” 3Ion. VII. U.S. Qeol 8urv., p. 160. 4. Balling, Berg- u H Zeitmm 
1867, p. 419. 5. Ihid. 6 Annales des Mines de Belgique, 1901, p. 237. 7. Private notes, 1904. 8. Hahn, Tra 7 is. Inst. 3Iin. Met. voL 
vii., p. 271. 9. Private notes, 1902. 10. Gliickauf, 1905, xli., pp. 6 and 1165 ; also Summary in 3Iin. Ind., voL xiv. n 414 H ’nrhi 

Ind., Yol. vii., 1899, p. 468. ‘ , i . + . 

* Also 0-007 per cent. Pt. | Including some Sn. 
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cent. Pb. This is roasted in reverberatories and used as iron flux in the ore 
furnaces. According to Neill, it is necessary to leave 5 to 6 per cent, of 
sulphur in order to prevent slagging away Ni and Co. The second matte 
containing 5 to 6 per cent. Ni and Co, 1 to 2 per cent. Cu, and 20 to 30 per 
cent. Pb is roasted and smelted in a similar way, except that in this case 
7 to 9 per cent, sulphur is required to protect the nickel and cobalt. 

Further concentration of the matte cannot be effected even in a rever¬ 
beratory, as the lead present appears to drive the Ni and Co into the slag. 
By taking advantage, however, of the well-known affinity of nickel for arsenic 
and smelting with mispickel or poor iron speiss, Neill found that a rich speiss 
of nickel and cobalt could be made, while the reduced lead carried most of 
the precious metals. The furnace used was 30 inches wide at the tuyeres 
and 6 feet 6 inches high from tuyeres to charging door, it had a crucible 
18 inches deep with syphon tap for the lead. The slag in this case contained 
only 0*16 to 0*32 per cent. Ni and Co, and 0*6 to 0*8 per cent. Pb ; the 
impoverished matte, 3*25 per cent. Ni and Co, 8 per cent. Pb, and 7 per 
cent. Cu; while the rich nickel cobalt speiss contained 22*5 per cent. Ni 
and Co, 6*4 per cent. Pb, and 4*25 per cent. Cu: the silver and gold 
contents of the reduced lead paid for the whole cost of the operation 


3. SPEISS. 

Composition.—The composition of lead speisses is given in Table XXVII., 
from which it will be seen that they are chiefly arsenides of iron containing 
more or less sulphur, copper, nickel, cobalt, and lead, the last of which 
exists, however, chiefly as shots included mechanically. Guyard found also 
as much as 10 per cent, of metallic iron in the form of shots in speisses from 
Leadville furnaces, and the author can confirm from his own experience the 
existence of metallic iron in some speisses. 

Arsenides of iron corresponding to the formulae Fe 2 As 2 , Fe 3 As 2 , and Fe 4 As 2 
can be prepared artificially ; they are fusible at a high temperature, yielding- 
white, fine-grained, brittle masses, and speisses of this composition are occa¬ 
sionally produced in lead furnaces, as, for example. No. 9 in Table XXVII. 
The arsenides of formulae Fcr^Aso and Fe^Aso are those generally formed in 
furnaces smelting not only lead but (under certain circumstances) copper ore 
also. They are much more fusible than the arsenides lower in iron, and 
coarsely crystallise in large plates resembling “ spiegel-eisen."" Speisses still 
richer in iron corresponding with the formulse FegAso, Fe 9 As 2 , and FcjoAs^ 
are occasionally formed, but, like those under Fe 5 As 2 , they are again fine 
grained, tough, and comparatively infusible, more resembling “ sowsthan 
true speisses, and doubtless in every case they contain more or less free iron, 
as, for instance. No. 8 of Table XXVII. It is noteworthy that whereas 
speisses always carry much less silver and lead than mattes produced at the 
same time (fine-grained varieties, however, such as Nos. 8 and 9 of the Table, 
always containing more than those which are coarsely crystalline) they carry 
much more gold. This is probably to be accounted for by the presence in 
them of free iron, which, as is now well known, dissolves gold and has a strong 
affinity for it. 



280 


THE MKTALLUIUIY OF I.KAD. 


According to Friedrich,* there, is only one definite i‘ompoimd of iron and 
arsenic, the composition of which is 40*1 per cent. As and 50*0 |H‘r cent- Fe, 
(corresponding with the formula FcoAs (or Fe.}As.>), its melting point is lUKK' {\ 
Alloys (‘an be form(‘d (containing np to 50 p(‘r emit. As (about F(\Ash but^ 
they are not definite compounds. Tlnn-e. is an (‘ut(‘ctic of Fe FcjAs,. having 
the composition 70 pin* emit. Fe and 30 pm cent. As, tin* midting point (>f 
which is 830^' C. ((corresponding with a formula Ftv.AaA above whicli point, 
all othm combinations of iron and arsimie contain inen^asing amounts of free 
iron. 

In modern practice using high furna.ct\s, phnity of blast, slags fairly liigh 
in sili(‘a, and a good matte-fall, speisH(\s an‘ not- lu^arly so oftmi madt* as in 
th(^ practice of twmity yicars ago mnploying low furnaces with fmruginous 
slags low in silica, ovm-reduetion, and fiactpicnt, or, in(h*cd, oft mi almost con 
tinuous, additions of scrap iron to the cha.rg(‘. Whmi tin* quantity of arsmui* 
pri^scmt is high a cicrtain amount of sptdss is mna^ssarily formed, but. when low 
the arsenic can be (diminaticd partly in th<‘ tlu(‘-dust and partly in tlic form 
of matt(c, whmie-e again it is partly got rid of in tlu‘ pna'ess of roasting prior 
to concimtration, the rc‘maindt*r oftmi forming spiass in the (-(meent rat ion¬ 
smelting, as has bemi Siam. 

Not only do irony slags encouragic tht‘ formation of speiss, but, mving 
theeir low melting point, tlucy grmitly inmaaise tin* ditlieulty of keeping it- 
Iluid, and increasic tine tmidmicy for it to chill, and m form a ln*artli accref inn : 
with arsimiical or(\s, thm-idon*, it is always b(\st to aim at a high-siiica lime 
slag with a ratio*? higli formation t(‘mp(‘raturt*, kt*(‘ping a ln*avy matte fall 
with a. low fu(‘l consumption and, conB(‘(iU(*ntly, low rtaluction. Should a 
little spenss b(‘gin to form it can often be (*h(‘eked by cutting down fli** limr 
tlux, which forct*B tluc (excess silitca to combine with iron. 

Procioua Motal OontontB of Speiss.—Semn* tigun's as to tin'preenms 
imctal (contents of speisstes an* given in Talih* XXVII. 'Fin* mlvvr ('ontciitH 
of spiciss are n(‘V(‘r high unless tin* h'ad is also high, and always hear a direct 
proportion to tin*. p(*rc(‘ntag(*H of l<‘ad and copp(*r prcHt*nt, ainl to the riclmcss 
of the work-lmid maihc at tine sann* tinn*. Hn* gold conti'iits of spi'lsH, Iiow» 
<‘ver, are often surprisingly high, and it is not(*worthy tliat wlien speiss in 
made, it is, although poon*r in silver, invariably ricln*r in gold than ttn* mat It* 
made at tine sanu*. tinu*. Thus, 11 (*h mmitionH f that wliertnis ov^r a series of 
yeuTB his matt.cc av(‘rag(‘d 77 ojcs. silva*!* and only ivi, gold pt'r short ttug 
tine avicrage of tine spi'iss much* was 24 ozh. silviu* and | oz. gedd p(*r ton. At 
a W(‘ll-known works in M(*xieo,‘| wh(*ri* tin* matte-fall and Hpeiss fall are about 
(‘(‘pial, (‘ach b(*ing a litth* over 2 per (‘(‘nt. of tin* w<*ight of the rharge, whih* 
t.fue matte earri(‘s 7t5 ozs. 8iivi*r and 0*093 oz. gtdd pt‘r ton, tin* spt'iss with only 
39 ozH. silver earric's an av(*nigc‘ of t)'I972 oz, per ton, and this in spite of the 
fae.t that tin* lead (c(mt(‘nt of the Hp(‘iHH is h*sH tlian oiiedialf of that in the 
matte. We may in fa<*.t say that, us a. ruh% in blastdurnaet* h*ad smelting 
wluen ma.tte and Hpc‘iHH an*, made*, whilst tin* mutt(* will not (’ontaiii in propor^ 
tion to its silver eontmits ni*arly as mueh gold as do(*H tin* bullnm made at 
thee sarnie time, any speiss produced will show a higln*r ratio of gold tie silver 
(contents than tin* workdiead its(*If, Tin* tigures frmn the Works 

reportted by lies may bte (juot(*d in illustraticm of this pinnt ns follows: ^ 

♦ Mdalltmjw, OKI?, vol iv., p. f Mtiuiiurtji/Itmf, p. i:ig. 

% Prindf. Xotm and Commuyiicaihn, I1HI4. 
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Ore. Work-Lead. Matte. Spoisii. 

Assay for silver, oz. per ton, 41’00 2(>(> 77-0 24*7 

gold, „ 0’4:i8 3*49 0’08 0*48 

Ratio Ag : Au :: 100 : l’(H)83 1*312 0*104 1*94 


Tlu‘ high idlioiinicy of spt^iHs as a, gokl-c'olloctor is doubtless to be accounted 
for in part by tlu‘ fr(H‘ iron in it., that mid.al having a. powerful affinity for 
gold, for it is probable, as \v(‘ hav(» st‘en, that a, good part of the iron present 
in ordinary sp('iss(‘s (‘xists frt*e and simply dissolved in the chemical com- 
binatiion of iron and arstmic, and certain that imtallic iron has a powerful 
affinity for gold,* liismuth and antimony, too, are often found in speiss, 
and both of thest‘ (‘hmumts huv(' a strong affinity for gold, if we. may judge 
from tlu'ir frtapumt. clost‘ association with it in nature. The fact that nickel 
and cobalt-, if prt‘S(mt. in the or(‘s, art* always (‘oncentrated in any speiss made 
may also ht‘lp to t'xplain iht* prt'stmct* of gold in speiss, inasmuch as it has 
b(a*n shown rt^ctmtly that gold is somtdinu^s elost'ly associated with nickel 
and i’.obali.f 

Treatment.*' Tlu* spt^isHt^s produet*d in lead wtyrks ordinarily contain 2 to 
4 p(*r c<‘nt. Pb, with from b to lb ozs. silvtw, and 1 to 3 dwts. gold per ton. 
Tludr tn*a.tmcut, so ns t<) t‘xtruct all tlu^ir silver, gold, and copper contents, 
t)l!t*rH somt* ditlicnlties. At sonu* works, wlu^n only a small (|ua,ntity is occa¬ 
sionally prothu*t‘d, it is siitiply rt^turned to the. ore furnace. At most works, 
howt*vt‘r, it is roasttsl in a. rt*V(Tht*rat.orv or in h(*a.ps of about 50 tons (badly 
roastt*d portions Ixang r<‘turn(*d to a nt*w h(‘ap) ami uscxl as iron (lux alone or 
togetlH*r with roasted matte, liy this auams tht* gnniter part of the. lead, 
gold, and silv(*r conttmts of tlie sptnss are tak(*n up by the work-lead, the 
c’opper going into tin* sd’oml matt(*, whih* tin* s(M’ond H])(*iss produced is 
poorer than the original, besides ln*ing much h‘Hs in quantity, and simply 
go<‘s to a fn‘sh heap. \Vh<‘n‘ tin* sp(*iss is very low-gra(h*, as at Laurimn 
(No, 7 of Table XXVIL), it is simply allowed io aeeunuilati* in luaipsseparate 
from tin* slag, tm the clnmct* that some nugliod of utilising it ma.y be found 
at. a future date. 

When the sim'lted <Mmtain nick<‘l or eohalt, and, at the same time, 
arsenic (as not infre<|uently happtms), tlu^se metals form a. spe^iss instead of 
going int<j the matteg ami an* much mon* p(‘rf(‘etly eomamtrabHl into the 
speiss whenever any is made, the atlinity cd both metals for arsemie being 
great 4 *r than f(»r sulplmr. By roasting ami iM*-Hmelting tlnsse nudals become 
still further eoneentrated. 

At Preiberg in IHbU a mi,\(*d matt(‘ ami spensH containing nickel and 
e<»balt with H>3 (»zs. silver was Hnn*lted without r(^aHting in small reverberatory 
furnaei*H togetlier with quartz and lieavy spar, tin* (*tTeet b(*ing equivalent to 
roasting otT tin* sulphur, aet*t)rding to Sehw(*der’s reaction. After skimming 
id! tin* slag, metallit* h*ud was athled in c‘((ual cjuantity to tin* original speiss, 
the wliolc well rabhh’d, am! the leinl tiipp(*d ot! again with nearly all the 
Hi!v(*r contents of the original Hpeiss; tin* <*leaned sp<*iHs eonta,ined barely 
7 ozH. silver p<*r tcui, but was rh'her in niek(‘l and cobalt than the original. 

A nuHliheation (»f this pro(*ess was introdm-ial at the Eurc*ka (Vmsolidated 
Wtu’ks, Nevada, by I)avi(*8,'| w!m employed an air blast for mixing the lead 

* t\ Falteu anti KnadninJ, TrtutM, .-I,/.A/.A*., val. xx.\v., p. 33H; alsn BoUch, ibid,^ vol. 
xxiv., |i. 074. 

t Autlua, /.A/.A/., vel. visi., p. 303. 


■; A. ami M. Aum*. 20, 1888. 
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and speiss, and dispensed with the preliminary oxidising fusion. A small 
cylindrical converter, lined with firebrick, was employed, holding at a 
charge 800 lbs. of cupola-melted speiss ; to this was added from 20 to 25 per 
cent, of melted lead, and then a blast of air at about 17 ozs. pressure was 
passed through the mixture for several minutes by means of a J-inch pipe at 
the bottom of the converter. Some arsenic was burnt off, and some iron 
slagged, combining with the siliceous lining material; while most of the 
silver and gold contents were taken up by the lead. The converter was 
revolved by hand, and emptied into a slag pot having a small taphole in the 
bottom, through which the still liquid lead was tapped after the speiss had 
set. The lead now contained 30 to 40 ozs. silver, and the speiss was poor 
enough to throw away. According to the results given by Davies, in the 
case of a speiss containing 9 to 10 ozs. silver, 85 per cent, of this metal and 
89 per cent, of the gold were extracted, with a loss of 5 to 8 per cent, of the 
lead employed. The process was, however, costly to work, as well as incon¬ 
venient, owing to the fumes of lead, and in most cases a roasting process 
would be decidedly preferable. 

More modern practice at Freiberg is to concentrate dead-roasted speiss- 
separately in a small Pilz furnace together with pyrites, galena, matte-slag, 
litharge poor in silver, old cupel hearths, and some fluorspar as flux for the 
latter. The product is a second speiss poor in silver, but rich in nickel and 
cobalt, which is subjected to a second similar concentration, and then sent 
to the smelting works to be worked up into metallic nickel, cobalt glass, and 
a lead which goes to the liquation furnace. Provided the iron in the speiss 
is not under 25 per cent., a matte can be separated carrying most of the silver, 
lead, and copper, but if the iron is lower than 25 per cent, it becomes difficult 
to separate the sulphides from the arsenides, as they appear to dissolve each 
other. 

More recently still, the speiss at Freiberg has altered in composition, 
carrying more copper and less iron, as shown hj analysis 10, Table XXVII.* 
When this speiss is smelted as described, with galena and matte-slag, most 
of the Au and part of the Ag and Cu are collected in the resulting matte, 
but the resulting speiss still retains 0*05 per cent. Ag (16 ozs. per ton), as well 
as 20 per cent. Cu, and its nickel contents cannot be raised above 16 per cent., 
while the reduced lead does not satisfactorily absorb the Sb and Pt. 

A wet process was tried, fusing with sodium bisulphate and leaching with 
water. An extraction was obtained of 85 to 97 per cent, of the nickel and 
copper, but the following difficulties were experienced :— 

1. The Pt partly went into solution. 

2. The precipitation of the copper from the solution was difficult; H^S- 
gives a bulky, slimy, and easily oxidised precipitate, and electrolysis is too- 
expensive. 

3. The precipitation of Ni was not satisfactory. 

Wet processes were, therefore, abandoned, and the latest method is to- 
crush to 5 mm., roast dead, mix with 20 per cent, by weight of pyrites, and 
smelt. Heavy white fumes of Sbo 04 and As^O^ are given off and partially 
reduced by the pyrites. The concentrated speiss produced in 1904 contained 
Fe 24*8, Ni and Co 19*6, Pb 7*1, Cu 10*9, As and Sb 27*0, Ag 0*06, Au 0*0002,. 
Pt 0*014. 

* Gh'ichauf, 1905, xli., pp. 0 and 1105 ; abstracted in Min. Ind., vol. xiv., p. 414. 



r.LAST-FUKNAC'M LFAL) SMKLTINt^—PRODUCTS, 


283 


At Okrr'^' (Harz) two classes of speiss are made,^—namely, the so-called 
poor spcass from th(‘ ore furnaces and rich from the concentration of roasted 
matte. Both classes are very rich in (topper and in lead, and are indeed rather 
bas(^ antituonial alloys of copper and lead than true speisses, the principal 
c.onstitiumt. of which is an arsenide of iron. They are treated by oxidising- 
snuttiug in n^v<M'bia-atory funaices with siirfacje blast, the products being a 
lead-irou-autiuumy shig, which is returned to the ore furnace, and impure 
argtmtiferous cop})ta% wliich is treated by a wet method. Details of th(‘ 
smidting ol tlu^ speasstss, as W(tl as tlu^ further treatment of the copper, will 
be found in th(‘ volunu^ on the Metallurgi/ of Silver. 

At th<‘ (ivr}HaNia Works (Utah)f speiss is roasted (after crushing) in 
Briickiua’ cvlindca's, togei lua* with tlu^ ordiiuiry sulphide ores, in any propor¬ 
tion u[> to 20 per (amt., by wliich means nearly all of the arsenic is expelled 
as Ah.,S., which oxidis(‘s at oiua' to Aa.jO.j and SOo. The mixture of roasted 
ori‘ and spiass tluai go(‘s to th(‘ on^ furnaces, and re(];uires much less flux than 
ore a,lon(‘, owing to tlu' f<‘rri(*. oxuh' into which tlu^ roasted speiss has been 
chi(‘tiy couv(‘rt(‘d. d’his may be (‘onsidered th(‘. best mode of dealing with 
speiss, wlum it dot‘s not (mntaiu sullicumt ui(‘kel and cobalt to justify the adop- 
t.iou of ih(‘ Pndbi'rg s(‘parate treatimmt, and yet carries lead and silver or 
gold enough to warrant some attempt to extra.t‘t these metals. 

4, SLAO. 

CompOBition. 1'}u‘ constitution of haul slags has beim fully discaissed 
in (diapicr vii., and tludr handling outsi(l(‘ th(‘ furmua* and separation from 
mait(' in the inst (diaptcu’. Some anulys(‘s of Unul slags hav(‘ luma collected 
in Tabh‘ XXVIU., and otluTs arc glvim in Table XXXIL (Chap. xL), wdiich, 
how(‘ver, are not individual samplers, but av<n’a,g(‘s. 

It is ditlicull to tabulate tin* aruilys(‘s of some haul slags, on account of 
the doubt as to tlu* mod<‘ of combination of Ba. and of S. In slags compara¬ 
tively low in zinc tlu‘re can bi^ no doubt that tlu'. B pnasent is practically all 
comlnnc<l wit h Kc, Ph, (Hi, &c., in tlu‘condition of matt(‘so tiiudy disseminated 
as to bc‘ virtually in a statt* of solution, as shown by Mrhzck.’J: This matte 
can Im‘ S(*puruti*d by fusion with borax, and contains practically all the valu¬ 
able materials pnwmt in tlu‘ slag. In non-barytu*. zinciferous slags moat of 
tlu^ S may In* considmaal as eombiiual with Zn and Fe, though, occasionally 
CnS may be pia'scut in slags from low furnace's. Wium much barium is present, 
part <d it is always found as sulphidi', BaS, which Imrns with the eharacteristie* 
green flame wlu'n tlu' slag is tappcal; tlu' rcmiainder, in modern high pressun' 
furnatM's, usually exists as ailicaitu', BaBiO;j, though in low furnace's, when' 
rc'diu’tion is lud so powc'rful, most of it c'ntc'rs the slag unaltennl as BaBO,,. 
TliUH tlu' slag pnaluct'd at tlu' JulimMUe bei (fonlar, Ncn 2 of Table XXVllL, 
probably camtaimal its Ba mostly us BaBO,, though partly, perhaps, also as 
BaB; tlds slag tu'rtainly contaiiu'd also some Zn as ZnB, as no doubt did tlu' 
slags from Freilu^rg and (Hausthnl and possibly others. 

* (Htiehtuj, Iiaia, xli., ahHliwteii iu Min. Ind., vol. xiv., p. 414. 

t /Viivgi; Xotm, IHUT. 

I /I. a. //. Jidirhurh, IHSU, vul. xvi,. p. ; (jutatHl by Peavy, Met. oj Lead, pp. 
407-40a. 
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Potash and soda are seldom determined in commercial slag analyses, yet 
they are often present in small quantity, as shown by lies * and Canby,t 
the latter, indeed, suggests that the abnormally high tonnage capacity reached 
by some furnaces handling certain ores may be partly due to the presence of 
alkalies. 

It was pointed out by Pearce J that certain reverberatory slags made at 
Argo contained considerable proportions of magnetic material, which he 
assumed to be magnetite, and to be formed by the oxidising influence of the 
furnace gases upon the slag after the reducing effect of S and SO.j had ter¬ 
minated. E. Keller has since shown § that much Ee^^O^ (up to 18 per cent.) 
is frequently found in the slags produced by smelting roasted mattes in 
reverberatory furnaces, and smaller amounts are invariably present in matte 
slags produced in blast furnaces, the atmosphere of which is not sufficiently 
reducing to destroy this substance before it is taken up by the molten products. 
When the matte is of low grade and has a specific gravity not over 5*2 (the 
specific gravity of magnetite), the latter substance sinks into it in preference 
to going into the slag. When, however, a high grade copper or lead matte 
is being made, the specific gravity of which is over 5*3 or about that, as in 
concentration smelting, the magnetite cannot enter the matte, and is carried 
away by the slag. 

Metallic Contents of Slags.—The chief requisites for obtaining a clean 
slag are:— 

1. The correct composition of the slag. 

2. The bullion-fall, which, under exceptional circumstances, may be as 
low as 7 per cent., but should preferably reach 10 per cent, at least. 

3. The matte-fall, which should be not less than 4 or 5 per cent., and 
preferably 7 to 12 per cent., providing the matte is a good irony matte with a 
fair amount of copper and little zinc. 

4. Proper means of separating matte from slag. ' " ' 

Besides these the richness of the ore charge is an important factor in 

determining the absolute losses of metals, particularly of silver. Thus, with 
a favourable ore mixture yielding 14 per cent, of work-lead, containing only 
200 to 300 ozs. of silver per ton, slags can be sometimes made as low as 
per cent. Pb and oz. Ag per ton, but on an average 1 per cent. Pb and 
I oz. Ag may be considered good work. With a production of 11 per cent, 
of work-lead running up to 400 ozs. of silver per ton the slags, although 
occasionally almost as clean, will average not under 1:^ per cent, lead and 
IJ to 1^ ozs. of silver. 

The losses of valuable metals in the slag take place in the following ways :— 
(1) Through fine visible shots of matte and occasionally still more minute 
ones of work-lead; (2) through incomplete reduction of metallic oxides ; 
and (3) through an almost infinitely fine dissemination of metallic and sulphide 
particles which are held by the slag, either in solution or in such intimate 
suspension as practically to amount to a solution. The loss in the first 
way is usually the most important, and can be almost completely eliminated 
by careful settling outside the furnace, as has been already shown. The other 
two sources of loss can only be diminished by the use of an independent 
reverberatory settler in which a reducing flame is kept up, or by precipita- 

♦ E. and M. June 3, 1889, p. 650. t I'bid, July 1, 1889, p. 3. 

1 Trans. A.LM.E., vol. xviii., p. 10. § E. and M. J., Nov. 16, 1895. 
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tion by scrap iron or pyrites in a suitable form of settler. Most of the 
silver contained in a slag may be considered as existing in the condition of 
suspended matte, as is also most of the lead contained in clean slags from 
modern high pressure and high column furnaces. The slags from lower 
furnaces are, however, always richer in lead, especially when somewhat 
siliceous (as at Broken Hill), and in such cases part, if not most, of the lead 
probably exists as silicate owing to imperfect reduction. The question of 
slag losses being further dealt with in the Chapter on Costs and Losses, it will 
be sufficient to add here that the precious metal losses appear to be entirely 
mechanical, while that of lead is evidently in some cases through the 
existence of undecomposed chemical combinations in the slag. 

Removal of Slag and its ITtilisation.—The method of removal by 
granulation has been already referred to in the Chapter on Plant. When 
granulation is not adopted, the slag must be either cast in moulds or blocks 
suitable for loading upon railway trucks, or it must be formed into slag 
dumps, which are afterwards broken down and loaded up by ordinary methods, 
a process that is, however, somewhat costly. Methods of utilising slag may 
be classified as follows:—1. Simple utilisation as ballast or as aggregate for 
concrete; (2) utilisation in blocks or bricks as building material; (3) utilis¬ 
ation of the heat in molten slag ; and (4) chemical methods by which certain 
of the ingredients in the slag are extracted and rendered valuable. 

Use of Slag as Ballast.—Granulated slag, although largely used, is not 
of great value as ballast, since it does not pack well, but it will serve instead 
of sand or gravel for concrete and for mortar-making, provided mortar-mills 
are used. 

A common mode of fitting slag for ballast at old-established works limited 
as to storage room is to pour it into iron moulds, which are (sometimes after 
spraying while hot to fissure the blocks) broken up with sledges and put 
through stonebreakers. Slag quarried from old slag dumps made by means 
of hand pots frequently breaks up so as to be in ideal condition for use as 
ballast with little or no crushing. 

In one or two cases slag has been cast in rows of moulds slung upon con¬ 
tinuous chains like a pan conveyor, and passing, at some point in their course, 
under or through water sprays, or even through a shallow tank of water, in 
order to cool them and diminish the wear and tear; but these methods do 
not appear to have come into use to any extent at lead-smelting works, 
though employed at some large copper and iron plants. 

An ingenious method of automatically handling slag and delivering it in 
suitable condition for use as ballast is that devised by Page of the Omaha 
and Grant Works, Omaha.* About 75 feet from the furnace building is a 
circular pit, 35 feet diameter, at the edge of which revolves an annular disc 
composed of slightly dished cast-iron plates, 2 feet wide and If inches thick, 
which runs by means of rollers on a circular cast-iron submerged track resting 
on pillars all round the pit. A toothed wheel on the circumference of the 
disc engages with a pinion, by means of which it is revolved at the rate of 
one turn in five minutes. A constant stream of cold water enters the pit, 
and the hot water is run away just so fast as to keep the lower side of the 
cast-iron plates under water. As each slag pot is tapped on to the revolving 
plates the slag spreads out into a layer J inch to 1 inch thick, and cools 
* Braden, Tram. A.I.M.E., vol. xxvi., p. 51. 
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•quickly, cracking up in so doing, so tkat at the end of the revolution a fixed 
plate of |-inch steel against which the layer of slag impinges readily breaks 
it up into flat irregular pieces from i inch to 4 inches long and wide by J inch 
to 1 inch thick, and forces these to pile themselves on to a conveyor, which 
delivers the slag into bins from which the railroad trucks are loaded. 

Use of Slag as Building Material.—Iron blast-furnace slags have been 
utilised as building material both by casting them into slag bricks, and (as, 
for example, at Siegen) by granulating, grinding fine, calcining with lime¬ 
stone, and re-grinding for the manufacture of hydraulic cement. The slags 
in question, however, consist chiefly of an acid silicate of alumina and lime, 
and it is doubtful whether lead slags, which are much more basic and contain 
scarcely any alumina, could, under any circumstances, be successfully utilised 
for the manufacture of cement, the results of experiments made up to the 
present being decidedly unfavourable. 

Manufacture of Slag Brick.—To some extent the same objection is to 
be noted here, the best slags for slag-brick purposes being those containing 
upwards of 40 per cent, silica, which are not produced in lead smelting. Lead 
slags are generally too brittle and too much inclined to fissure on cooling, to 
make the best kind of building and paving brick, such as that produced at 
Mansfeld. Still, at most lead-works a few bricks are made for use in building 
ore-bins, foundations, dust chambers, &c., and there is no doubt that this 
could be extended with advantage. The manufacture of slag brick from 
reverberatory copper slag has been described by Dr. Peters,and that from 
blast-furnace slag at Mansfeld,! and in Montana,! is well described in two 
papers in the School of Mines Quarterly, to which reference should be made 
for details. According to the author's experience in making slag brick it is 
•of the utmost importance that the slag should be as cool as possible before 
•casting, and that the bricks should be cooled as slowly as possible by removing 
the moulds as soon as set and covering them several inches deep in sand. 
Dusting a little sand into the moulds as they are being filled also assists in 
the production of a slightly rough surface which is better for holding mortar 
than a smooth glassy one. 

By proper annealing and toughening even paving tiles may be made from 
ferruginous blast-furnace slags. Thus, at Santiago de Chili § the slag is ladled 
from the slag pots into cast-iron moulds 6 inches square by 1 inch deep, each 
provided with a cover. After filling a lot of moulds they are covered and 
placed on a hearth, which has also a cover for annealing, a gentle heat being 
kept up so that the cooling operation may be slow. When the slag has cooled 
to a black heat, the moulds are lifted from the hearth and the tiles thrown 
into cold water to toughen them. The tiles are very hard and durable, and 
are worth from £2 to £4 per 1,000. 

An entirely distinct class of slag-brick is the slag-lime brick so largely 
made at many ironworks, particularly in Germany. The slag is granulated 
by a stream of water and then mixed with slaked lime in the proportion of 
1 part of quicklime to 6 of granulated slag. The mixture is passed through 
a set of rolls and then through a mixing machine; the bricks are moulded 
in a machine which has a hopper filled by a labourer, and which turns out the 

* Modern Copper Smelting, 7th Ed., 1895, p. 142. 

t Egleston, 8.M.Q., vol. xii., pp. 112-117. J Ihid., p. 189. 

§ Braden, Trans, vol. xxvi,, p. 52. 
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bricks automatically, subjecting each to a great pressure by means of cams.. 
One pair of machines turns out 10,000 bricks per day, requiring 3 H.P. for 
the mixer and 8 H.P. for the moulder. The bricks are at first tender, and 
must be stacked carefully and protected from rain; but after six or twelve 
months" exposure to air they become solid enough for building. At th(^ 
Karl Emil Works (Bohemia)* during 1895 12,000,000 bricks were made by 
this method from a slag containing Si02 26 to 27 per cent., ALOo 17*3 to 19*3, 
CaO 51*5, FcoO-j 1*7, MgO 0*4 to 2*5, and S 1*3 to 1*8 per cent. ; in this case 
the bricks set hard enough for shipment in eight days. 

The manufacture of slag-lime bricks has been widely extended during the 
past few years, but always employing slags from iron blast furnaces, and it 
seems doubtful whether slags from lead blast furnaces containing, as they do, 
not only a low percentage of lime and alumina, but quite high proportions 
of ferrous iron, and sometimes also of sulphur, would give successful results. 

Utilisation of the Heat in Molten Slag.—^Attempts have been made 
to utilise the waste heat of molten slag for the purpose of heating th<^ 
blast, and, as is described in the volume in this series on the Metallurgy of 
Silver, so far as matte-smelting is concerned, such attempts not only contain 
a germ of usefulness, but have already attained a fair measure of success. 
The use of hot blast in lead smelting, however, is of doubtful advantage, and 
would probably result in enormously increasing the volatilisation losses, so 
that the field scarcely seems a promising one for experiments. 

Attempts were made many years ago at Broken Hill by Howell and 
Ashcroft to utilise the heat of molten slag for raising steam. The apparatus 
consisted of a flat egg-ended steel-plate boiler containing vertical tubes of copper 
or wrought iron completely surrounded by water; the tubes were tapering, with 
the larger end downwards, and closed by cast-iron doors so arranged as to 
easily opened and closed from one side by a system of lever handh^s. Tlu^ 
boiler shell was fitted with a steam-dome safety valve, and other usual fittings, 
and sheet-iron bins lined with firebrick were provided at each end of the boilei* 
to receive the “ shells "" from the pots, so as to help in keeping up the heat 
in the boiler. Both the “ shells"" and the cooled slag in the tubes w(u*<‘ 
emptied into an iron truck running on a track beneath the boiler. The taper 
tubes were filled successively with slag by means of the ordinary slag pots, 
the first being emptied as soon as the last was filled. Unfortunately, it was 
found that the shells of slag formed in the tubes were such bad condutitors of 
heat that the actual pressure of steam attained was only 20 to 30 lbs., an 
amount quite insufiicient to be of any practical service under the locul con¬ 
ditions then prevailing at Broken Hill. 

Quite recently the improvements in low-pressure steam turbines, whic-h, 
working against a good vacuum, enable steam pressures of as low as 1 lb. 
to be rendered economically available, have again directed attention to tin* 
problem of heat-utilisation from waste slag. In the ingenious (lcvic(‘. of 
Vautin the stream of slag from the forehearth, or preferably from a settling 
reverberatory, is granulated by hot jacket-water in a hopper-shaped vessel, 
which is sealed as regards the inflow of slag by making the slag-stream flow 
hrough a “ trap,"" and as regards the outflow of slag granules by discfiiarging 
these by means of an ordinary vertical bucket elevator with perforatcKl 
buckets working in a separate compartment, which communicates with tlu*. 

* JE. mi M. J., Dec. 0, 1896, p. 510. 
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topper only at its point, thus forming an effective water-seal. This system 
appears to be still in the experimental stage, and one obvious drawback is 
the necessarily heavy wear and tear on the slag-trap, and the difficulty ol 
clearing out or making repairs to this essential part of the apparatus; the 
power realisable, however, which is estimated to be 1 H.P. per ton of slag per 
day, would seem to justify a good deal of effort to over-ride such difficulties. 

Chemical Methods.—^At Langenhewi (Lower Hartz) the lead blast¬ 
furnace slags rich in zinc and baryta, the composition of which is referred 
to in connection with the description of lead smelting at Goslar (Chap, xi., 
Examples), are treated as follows :—^After fine grinding in a ball mill the slag 
is melted with a calculated quantity of CaClo in a reverberatory furnace at 
a temperature of about 1,2(}()° C. The melted mass, when cold, is again 
pulverised in a ball mill and leached with water, giving a solution of nearly 
pure barium chloride. The moist residue is treated in lead pans with sulphuric 
acid of 50° B, which causes it to heat, turn white, and solidify. The mass 
is broken up, mixed with CaOl^, pulverised, and heated to 500° C., whereby 
chlorides of Fe and Zn are produced, the former being again decjornposed 
with expulsion of HCl, which is condensed by means of powdered limestone 
to form CaClo. Upon leaching, ZnCl^ is recovered from the solution, and th(v 
insoluble residue, consisting mainly of silica, calcium sulphate, and ferric^ 
oxide, is so red as to be saleable as a cheap red paint. 

Working up of Old Slags.—In many localities arc found heaps of old 
slags resulting from the smelting of lead slags in primitive hearths and other 
furnaces, and these are being profitably worked up at the present time. 

At Laurium (Greece) two French companies have been for many years 
past smelting slags produced in the days of Themistoclcs and Xenophon, 
together with old slimes rich in silver from the ancient dressing operations, 
and lead concentrates from modern dressing works (the largest in Europe), 
treating the low grade ore bodies left behind in the mines. Th(‘, supply of old 
slags on land, however, is now exhausted, and only small quantities are still 
obtained from the sea by dredging; they (iontain 10 per cent, lead and 13 ozs. 
of silver per ton. At many other places in Europe similar work has b(Kai 
done in the past upon old slags, but in all the more accessible countries such 
accumulations of rich slags have been pretty well worked off, and rich slag 
heaps can only be found in such countries as Peru, Bolivia, and Burmah. 

A still better way of cleaning zinciferous or other foul lead slags is by 
the use of pyritic copper ores. In a furnace at Leadvillc, 36 inches by 80 inches, 
one month's campaign described by Kell^ '^ consisted in smelting 3,107 tons 
of slag with 5*3 ozs. Ag per ton and 402 tons^qf pyriiic copp(|^^oreB, averaging 
10 per cent. Cu and 11 ozs. Ag per ton. _ in,attqwas separated 
from the slag in an open sc'ttler forcl^^l^^V'and avef^J^. 20 per cent. Cu and 
03*3 ozs. Ag, while the cleaned sla^^^^aged und('T f oz. Ag and i per cent. 
Cu. The fuel consumption was l#^per cent., and the total cost per ton of 
material smelted only Gs. 3d. 

OTHER EURNACE PRODUCTS. 

Furnace Accretions.—These may bo of two kinds—^viz., hearth accre¬ 
tions or sows " and the far commoner wall " or “ shaft accretions." 

Tram, AJ.M.E., vol. xxi., p. 71. 
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TABLE XXIX.— ^Analyses of Furnace Accretions. 



Sows. 

Wall Accretions. j 

Leadville. 

Przibrana. 

Leadville. 

Leadville. 

Pueblo. 

Globe 

Works, 

Denver. 

Average- 

Laurmm, 

Greece. 

Reference, . 

1 

2 

3 

4 

5 

6 

7 

1 Pb, . , . 

18-793 

20-140 

47-491 

21-317 

1-48 

24-06 

25-00 

1 PbO, . . . 



0-405 

5-245 




1 Zn, . . . 

tr. 

5-417 

6-977 


45-es 

18-42 

24*40 

I ZnO, . . . 



0-300 

66-534 




, Fe, . . . 

72-828 

38-875 

6-754 


6*71 

13-26 

13-0*5 

FeO , . . . 

. . 

.. 

1*100 

1-381 




! Mn, . . . 

0-015 

tr. 

2-010 

.. 

0-54 

1*60 

1-35 

1 Cu, . . . 

tr. 

1-107 

tr. 


none 

0-80 

tr. 

Ag, . . . 

0-1149 

0-160 

0-0754 

0-0944 

0*0188 

0-0909 

0-0105 

Au, 

tr. 

tr. 

tr. 


., 

0*0060 


As, 

5-083 

2-389 

0-039 


none 


1*40 

As^Os, • 



.. 

0-071 




Sb, . . . 

tr. 

0-735 

tr. 


tr. 



Sb.Oa,. . . 




0-056 




Sn, . . . 

.. 







Mo, . . . 

0-161 







Ni and Co, . 

0-045 

tr. 






I P, ... 

0-109 

.. 

0-945 





1 C combined, 

0-550 

.. 


.. 

.. 



; C grapbitic, 

0-750 

.. 






1 SiOo, , . . 

0-900 

9-300 

10-100 

1-577 

8*13 

17-26 

8-40 

j AloOg, . 


.. 

1-672 

0-328 

.. 


6*36 

1 CaO, . . . 


0-780 

5-361 

0-200 

6-20 

3-30 

4-95 

1 MgO, . . . 


.. 

4-297 

0-159 

., 



’ SO 3 , 


.. 

0-965 ! 

0-287 




d and Br, . 




0-035 




1 s, ... 

0-650 

18-466 

8^91 

2-725 

25*98 

10-90 

14-57 


•• 


•• 





References. —1 , 3, and 4. Emmons, “ Geology and Mining Industry of Leadville,” 
Mon. XII. U.S. Qeol. Surv., pp. 723 and 727. 2. Balling, Berg- u. H. Zeitung, 1867, 
p. 419. 5. Dewey, Bull. No. 42 U.S. Nat. Museum. 6 . lies, S.M.Q., vol. xviii., pp. 20 - 21 . 
7. Private Notes, 1904. 

Sows ” may form on the hearth of a sump furnace, or above the lead 
bath in a furnace with crucible which is kept full. They are caused (1) by 
badly calculated charges ; (2) by lack of fuel; and (3) by too slow a rate of 
smelting. The chief item in their composition is metallic iron, but they also 
contain lead, sulphur, arsenic, copper, nickel, and occasionally also tungsten, 
molybdenum, vanadium, phosphorus, titanium, and silicon, besides particles 
of coke, matte, speiss, &c., mechanically enclosed. When rich in lead and 
sulphur they are often comparatively rich in precious metals, and are then 
worth smelting down with siliceous ores on the hearth of a reverberatory 
furnace. When composed chiefly of metallic iron they are always poor in 
silver, and are rarely worth working, so that in such cases the conamon practice 
is to throw them over the slag dump and bury them up as soon as possible. 









BLAST-FURNACE LEAL) SMELTING-PRODUCTS. 


291 


It is probable, however, that in some cases notable amounts of gold liave 
been lost in this manner, since metallic iron has, as has been seen, a powerful 
■affinity for gold. In a large works with regular supplies of ores to draw upon 
and carefully calculated charges they are of rare occurrence; perhaps only 
one or two in the course of a year. The composition of some “ sows from 
lead furnaces is given in Table XXIX. 

“Wall Accretions” or “Hangings.”—These are chiefly composed 
of volatilised and condensed sulphides of zinc and lead with some oxides of 
both metals, and often some metallic zinc, cementing fragments of half- 
smelted charge. The way in which lead and zinc, together with some of 
their compounds, particularly the sulphides, are volatilised in the smelting 
zone of the furnace aud become condensed in a partially oxidised condition 
in the upper portions, from just above the jackets more than half-way up to 
the feed floor, has been already described (Chap, ix.) ; as has also the method 
'Of removing them and smelting them out. 

Some analyses of wall accretions are given in Table XXIX. 

Furnace Gases.—The gases from lead blast furnaces have not received 
the same amount of study as have those of pyritic furnaces or those of iron 
blast furnaces. Hofman gives * eight analyses of gases from two smelting 
works in Colorado, which may be repeated here :— 



Works A. 

Works B. 

N,. 

74-1 

69-4 

73*0 

68-(> 

77*6 

78*9 

79*6 

75*5 

CO..,.i 

15*2 

17*6 

17*4 

21« 

18*8 

19*6 

16*6 

18-2 

co;. 

9*7 

8*0 

5*4 

10*8 

3*0 

1*5 

3*6 

5*0 

0 ,. 1 

1-0 

5*0 

4*2 

0*4 

0*6 

0*0 

0-2 

0*4 


The variation in the ratio of CO to COo is, as will be seen, considerable. It 
is probable that with high-pressure blast the whole of the oxygen in the air 
which reaches the centre of the furnace, not counting that proportion which 
escapes through hugging the inner face of the jackets between them and the 
•charge, is burned to COo, and that a variable proportion of this is retransformed 
to CO by passing through the heated coke. Some experiments of Austin f 
show that the proportion of CO is even greater some feet down than at the 
very top of the charge ; thus, whereas at the surface a sample of gas gave 
COo 20*5 per cent., CO 7 per cent., another sample from 3 feet down, where 
the charge was a just visible red, gave CO 2 16*4 per cent., CO 13 per cent. 
It would perhaps appear that of the COo generated before the tuyeres a large 
proportion is retransformed into CO in passing through the layer of red hot 
coke just above the smelting zone; and that a variable proportion of this 
CO is re-burned to COo much higher up in the furnace by the help of the 
oxygen which has hugged the sides and so escaped combination lower down. 
This hypothesis helps to explain the smaller fuel consumption in furnaces 
with a high charge column. 

The subject of flue-dust, its composition, collection, and treatment is 
dealt with in a separate chapter. 

* Metallurgy of Lead^ 1906, p. 309. 
t Mining and Scientific Press, Sept. 12, 1908, p. 364. 




CHAPTER XL 

BLAST-FURNACE LEAD SMELTING—EXAMPLES. 

It will be convenient to consider tbe chief centres of blast-furnace lead smelting,, 
in tbe following order:—Europe (Germany, Austria-Hungary, Spain, Italy, 
Greece), Australia, Canada, United States, Mexico, and S. America. 


GERMANY. 

This country and Spain were tbe original homes of blast-furnace smelting. 
Labour and fuel being usually cheap as compared with new countries, greater 
attention is paid to the recovery from the ores treated of as much as possibh‘ 
of their valuable constituents, regardless of the complexity of the operations 
thus introduced ; and occasionally without due regard to the expense and loss 
caused by too frequent handlings. 

Smelting at Freiberg.—^At this ancient mining centre almost all kinds 
of ores are treated by a variety of processes which centre round the lead blast 
furnace, and which result in saving not only the lead, silver, gold, and copp(u,\ 
but also the greater part of the bismuth, arsenic, cobalt, nickel, and a con¬ 
siderable portion of the zinc and sulphur contained in the ores. The natur(‘ 
of these processes and their relationship to each other are well shown in a 
diagram figured in Prof. Sir W. C. Roberts-Austen’s Introduction, p. 363, 
which represents the operations as conducted up to quite recently, except 
that they have been simplified by bringing up the first matte to 30 per 
cent, copper matte at one operation; and so dispensing with the third Pilz 
furnace, except for the purpose of cleaning slag and of smelting speiss.*^ 

The ores treated may be divided into five prinicpal classes :— 

1. Lead ores carrying from 15 to 80 per cent, lead and various amounts of Bilv(‘r, 
the average being 40 per cent, lead and 110 ozs. silver per ton. 

2. Pyrites and copper ores containing from 1 to 10 per cent, copper besides iron, 
lead, zinc, silver, &c., all as sulphides. 

3. Dry ores—^that is, silver ores more or less siliceous, but poor in lead. 

4. Zinc ores divided into (a) those containing less than 25 per cent. Zn; and (6) 
those containing upwards of this amount. 

5. Arsenical ores containing various amounts of silver, and divided into “ mispickel 
ores ” and “ mixed arsenical ores.” 

Of the above classes 1 and 3 almost entirely go direct to the roasting- 
furnace mixture beds. 

The ores of class 4 containing less than 25 per cent, zinc also go to the 
roast-furnace beds, while those containing upwards of 25 per cent, are twice 

* V. also Percy, Metallurgy of Silver, pp. 544, et seq. ; Schnabel, Eandhuch der MetalU 
huttenhunde, p. 389, et seq. 
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Toasted, first in kilns and tken in reverberatories, and tben distilled for zinc by 
mixing them with charcoal, and heating in retorts in a regenerative gas furnace. 

With regard to class 5, it is divided ; ores poor in pyrites, which are chiefly 
■arsenical, being roasted in a current of air to produce white arsenic ; while 
the heavy mispickel and pyrites ores, containing sulphur and arsenic in the 
proportion of about two to one, or thereabouts, are distilled in closed retorts 
so as to yield realgar. 

Such arsenical ores as may contain more than 25 per cent, sulphur and 
less than 10 per cent. As, together with the whole of the ores of class 2 and 
a few lots from classes 1 and 3 specially heavy in pyrites, as well as the residues 
from the realgar works, are roasted together to collect the sulphur for the 
manufacture of sulphuric acid. The lump ore is roasted in the kilns already 
referred to in Chapter vi., the fines in Gerstenhofer and muffle furnaces. It 
should be noted that the sulphurous acid from the zinc ore roasters and from 
the arsenic glass works is also utilised in the sulphuric acid works. All these 
sulphurous gases contain more or less arsenic, which, by conducting tlie gases 
through a series of lead-lined dust-chambers before allowing them to enter 
the lead-chambers, is separated out as AsoO.j; and this AsoO;. is returned to 
the arsenic works to be worked up into the finest white arsenic glass. 

The ores thus partially roasted in the kilns and Gerstenhofer furna(‘.(\s arc 
by no means freed from their sulphur, but no more of it can b(‘, utilised witli 
advantage for the manufacture of sulphuric acid; and so the residui'-s go to 
the mixture beds of the long reverberatory roasters. 

These mixture beds, therefore, contain (1) raw galena-s ca,r.rying 2() to 
79 per cent, lead, and 3 to 150 ozs. silver per ton; (2) raw siliceous huid and 
silver ores ; (3) residues from the zinc works; (4) residues from the arsenue 
wmrks; and (5) once roasted pyrites and coppery ores of all desc.ri])ti()na. 
Their average composition is—lead, 20 to 30 per cent.; zint*-, luuhu- 10 per 
cent. ; silica, 20 to 25 per cent. ; sulphur, 20 per cent. ; and silveu’, 30 to 
50 ozs. per ton. The roasting is incomplete, 3 to 5 per cent, of sulphur being 
always left in the ore in order to collect the copper in a matter; at th(‘. v.nd 
of the roasting proper the charge is “ sintered down in the sump at the. 
firebridge end of the hearth. The furnace has been aliHuidy figured and 
described in Chapter v. (p. 83). The flue-dust from these rtwenbeuatory 
roasters is rich in arsenic, and is treated in the arsenic works. 

The sinter-roasted ore is smelted in the Pilz furnacic already figuT(‘d and 
described in Chapter viii. (p. 173). The charge is eomposc'cl of roasted ore 
mixed with about an equal weight of slag from the same furnac,e, which is 
used in order to clean the slags and also to assist in carrying away zinc<, by 
which means campaigns are obtained of three or four years' duration. The. 
daily capacity of each furnace is 30 to 35 tons of ore besides the slag, with a 
consumption of tons of coke, equal to 16 per cent, of thci or(^ or 8| per cent, 
on the whole charge; the number of men on each shift of twelve hours is 
usually five—namely, one feeder and one wheeler on the charging floor ; and 
one smelter, one slag runner, and one odd man on the dump or lower floor. 
The furnace is worked as a sump furnace, lead and matte being tapped 
together (and speiss also when produced) into a movable exterior crucible 
or receiver on wheels, in which the various products separate into layers. 

The work-lead produced carries from 200 up to 300 ozs. silver per ton and 
goes to the liquation and desilverising works, where not only arc its gold and 



294 


THE METALLURGY OF LEAD. 


silver contents extracted, but also traces of antimony, bismuth, and tin are 
recovered commercially. The slags formerly produced were rather more acid 
than monosilicates ; with the increase of zinc contained in the ore, however, 
it has become necessary to run more basic slags, and those now made {v. 
Table XXVIII.) are slightly more basic than monosilicates. They contain 
from 2 up to (occasionaUy) as much as 6 per cent. Pb, about J per cent. Cu, 
9 to 14 per cent. ZnO, and from 1 to 2 ozs. silver per ton. The speiss produced 
in ore smelting is set aside to be worked up with that produced in subsequent 
operations. The matte produced contains 15 to 25 per cent. Pb, 8 to 14 per 
cent. Cu, and 45 to 65 ozs. silver per ton. It is roasted first in kilns (the 
roast gases going to the sulphuric acid works) and then in Wellner stalls (v^ 
Chap. V.), being afterwards smelted together with the ore-slag, unless con¬ 
taining upwards of 12 per cent. Cu. 

Slag Smelting.—The roasted matte still containing 5 to 8 per cent, of 
sulphur is smelted together with from one and a-half to twice its own weight 
of foul slag from the ore furnace, and a small quantity of lead skimmings 
and drosses from the tap pits, and residues from the liquation hearths. A 
charge of 300 kilos, ore-slag, 200 kilos, roasted matte, and 4 kilos, drosses is 
smelted in a furnace, precisely like the ore furnace, at the rate of 60 tons of 
nodxture per twenty-four hours, with a coke consumption of only 35 kilos, 
per charge, or, say, 7 per cent. The products are :— 

Second work-lead with from 130 to 200 ozs. silver per ton, which goes to 
the desilverisation works. 

Second matte, “ copper-lead-matte,” or slag-matte,” with 25 to 30 per 
cent, copper, 5 to 8 per cent. Pb, and 25 to 50 ozs. silver per ton. This is- 
brought up to “ pimple metalof 80 per cent, copper by one or two roastings 
a-nd fusions ; the further treatment of this material is described in the Metal¬ 
lurgy of Silver. 

The slags produced in slag-smelting contain about 29 per cent. SiO^, 37 per 
cent. PeO, 9 to 12 per cent. ZnO ; they carry usually about IJ per cent. Pb 
by wet assay, and ^ oz. silver per ton, and are clean enough to throw away. 
Occasionally, however, portions are richer, when they are re-smelted in a 
smaller Pilz furnace with the addition of about 1 per cent, of lead drosses. 
In this case the capacity of the furnace is 36 tons with a coke consumption 
of II per cent. 

The speiss produced in slag-smelting is generally a good deal more than 
in ore-smelting. Both are laid aside together till sufficient has been collected 
for a campaign. It is then roasted and smelted in the small Pilz furnace, 
together with a large excess of foul ore-slag and smaller quantities of liqua¬ 
tion residues, and cupel bottoms, with fluorspar as flux for the latter. An 
impure work-lead is produced which carries most of the silver in the charge ; 
a small quantity of matte which is added to the flrst or second matte; 
according to its richness in copper ; and a second speiss, which is worked up 
as described in Chapter x., after which it goes to the smalt works, where its 
cobalt and nickel contents are recovered in different forms, copper and lead 
returning to the matte furnace. 

The methods of flue-dust collection employed at Freiberg are described 
in the next chapter; the total amount collected in 1893 was 9*7 per cent, 
of the weight of ore smelted, and this was treated by bricking and adding 
to the ore charge. 
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From tlie point of view of ultimate recoveries, the series of operations 
employed at Freiberg approaches perfection, but the ore-smelting is by no 
means up-to-date either as regards labour cost, or, particularly, as regards 
the comparatively enormous production of foul slag. In this respect, econo¬ 
mically as well as metallurgically, there is room for improvement by the 
substitution of long oblong furnaces of the American type, with syphon-tap 
lead wells, for the large round Pilz furnaces. The increased capacity thus 
obtained would involve some saving both of fuel and of labour, whilst the 
narrowed zone of fusion at the tuyere level would give a higher temperature 
there, a cleaner separation of matte from slag, and, therefore, a less quantity 
of foul slag to be re-smelted, as well as a very much lower volatilisation loss 
of lead and silver. 

Analyses of work-lead, matte, speiss, and slag produced at Freiberg are 
given in Chapter x, (Tables XXIV., XXVI., XXVII., and XXVIII. respec¬ 
tively), while an analysis of flue-dust will be found in Chapter xiii. 

Mechernich.—The Mechernich ore consists of small spots of galena (and 
other lead ores) up to pea size, in certain beds of the Triassic (Bunter) sand 
stone, which are crushed and dressed to get out their metallic contents. The 
whole of the ore which reaches the smelting works, therefore, consists of 
“ concentrates of difierent degrees of fineness. These are roasted in the 
double hearth reverb oratories referred to in Chapter v., and the composition 
of the slag-roasted ore is given in Table XV. (p. 140). 

The roasted ore is smelted in small rectangular blast furnaces together 
with iron fluxes (puddle cinder and hematite ore) and limestone. Besides a 
work-lead of great purity containing only 6 ozs. silver per ton (which is 
afterwards recovered by the Parkes process) a small quantity of matte is 
formed which is roasted in stalls and added to the ore charge. The com¬ 
position of the slag, matte, and work-lead is given in Tables XXVIIL, XXVI. 
and XXIV. respectively. 

Goslar (Lower Harz).—^At the Sophienhiitte and Juliushiitte, ores from 
the celebrated Eammeisberg mine are treated. The heap roasting of these 
ores has been described in Chapter v., and the leaching out of zinc sulphate 
is referred to in Chapter xx. The composition of raw and roasted ores is 
given in Tables X. and XV. 

The ores are deficient in silica for fluxing the bases, and being so high in 
zinc, even after leaching of the fine portion, require the addition of more iron 
in order to form the double subsilicate, ZnO . 2FeO . Si02. Both these con¬ 
ditions are satisfied by the use of basic ferruginous slags from the Oker copper 
works near by, containing 17 to 21 per cent. Si02, 66 to 70 per cent. FeO, 
and 1 to 2 per cent. Cu. To every 60 tons of roasted and leached fine ore is 
added 40 tons of unleached lump ore, 25 tons of ferruginous copper slag, and 
20 or 30 tons of foul slag from the same process. The water tuyere furnace 
employed is that figured and described in Chapter viii.; it is blown by 
five 2-inch tuyeres, supplied with air under a pressure of 10 to 13 ozs., 
and puts through in twenty-four hours about 10 tons of ore (14 or 15 
tons of charge), with a coke consumption of 15 per cent, of the weight 
of charge. 

The products are work-lead with 32 ozs. silver per ton, matte containing 
all the copper and a small part of the lead and zinc, clean slag which is thrown 
away, and foul slag (2 per cent, of the whole) containing 5 to 7 per cent, lead 



296 


TIIK MKTALI.UIKiY OK LKAI». 


as shots of matte. The composition of the ch^an sla^ in givtai in Table X X \ H L 
(p. 284). A fiuc-dust rich in zinc is also produced, tht‘ coinposititm tif which 
is given in Table XXXVIIL (p. 226); this is worked up hy h*ai'hiug with 
sulphuric acid and crystallising out the wliiit* vitriol. 'I'hc niattt* is (Uic«‘ 
roast('d in lu^aps and re-smelted togctluo* with tlu' foul slags frtuii tin* or«* 
smelting, a.nd fresh copper slag from Oker, yicldiiig a small quantity <d 
<‘nriched matta^, work-lead, and a clean slag with only | to | p«‘r iamt. Iciui. 
which is thrown away. 

The sla-gs ])r()du(*.ed at these works an* of a most umisual I’ompositioii. 
Sehna.h(*l (jnotesthe following analysis of an t‘xeepti(mal slug produced in 
1897, viz. :-~-Si()., 12*87, AL.O.. 2*12/Ba() 22’.lO, (hO 2*I<k ti’Tlh FeO 
2()*(>4, Zu 2()*2f>, ri) 0*77, (h ()-87, Mu F-IH, S 6*10 92*62. It is not. runy 
t.o S(H* the iuod<‘. of (H)ml)inatiou of tin* aljovc* slag, hut probably the Mn 
was as MnO, and the Zn partly as Zidh pnrt.Iy ZnS, while the Ba was partl\ 
as BaS, but c.hielly as BaHOj. R{*<‘a.l(*ulatioa of tin* available data iinlieativ. 
that the zinc, probahly (nxisted in the form <jf 21*21 per ecu!. ZiiO and 
4*70 per (unit. ZnS, whih^ the* Ba was probably as 18*21^ percent. Ba8(>. and 
12*60 p<‘r cent. Ba8, 

ClauBthal (Upper Har 2 :).f— At (hiusthal and Laut<*nthfd is ti» be jn-ti 
at work the only surviving (‘xam})l(* of the* ohl pna-ipitat hui pne-rsH, bv wldcii 
raw I(*ad on^s in a lim* <’.omlitiou an* ehargnal into a blast furnacr logrthcr 
with iron ores and slags. By tin* ust* of a, high furnaer and a siual! quantity 
of low-pr(\ssun^ bhist, th<^ t(*mp(‘ratun* hefon* the tuyeres is Ii«*pi higli, uliih* 
the rate of snu^ltiug nmiaius low ; suHhdent meiallie iron h nsltic.-d t«i par 
tially d(‘<*onipos(* thi* sulphi<h*of lead, pnxiueing metallii' leiul .tnd iron maff»a 
which tak(*s up t-ln* undec.ornposiHl h*a<l sulphich*. It has l}t‘i*n already mdcil 
tha,t this react.iou gcu(*rally <*om(‘s into play nutn* or h'Ss ut flu^ itntmarv 
bhist-furmua* naluction procc^ss wlum sulphide lead ores are present in the 
<'harg(*, hut a4 (^lausthal it. is the soh* n*aetion ndied upon, By iIp* shn\ 
rate of snudting tin*, e.ousumption of find is Viuy high, anti tin* lalioiir con! 
f)er ton smcdOxI is also much gn*at(‘r than in the roast anti retiticfitui pri»crm 4 ; 
whil(% allowing for t.he Hulmt‘({U(‘nt roasting of the matte, it can liardlv be 
said that tin*, saving of roasting on tht* on* is a sidlicienf offset in t!n*se 
<liHadvanta,gt*H. 

Both^ circular and oblong furnuees an* employed in the pisHapitatioii 
process in the Uppe^r Harz, the latter being a modifieathut of the Hirwlielfe 
furnac(‘, and tin* former from the Bilz, with a ginn! many iiiodilirafioini. 
The circular furnaca* used has h(*en ulnauly figured in (hapter \iii. : tin* 
presHun* (d blast umh‘r whieli it works is from 7 to H ozs. 

The a.V(‘rage eomposithm <d rhdi dreHstnl Flansthnl ore i*4 given ui Table 
X., sonuwvhat poonT ores containing only u(l pi»r cent. lead, ami up to 2fi 
pt*r cent. <d insoluble residue. Tin* average ore mixture contaiiiu, for every 
HK) tons of t.his oia*, about 2(K) tons of oilier material, mad** up Miinrwhiif 
as follows:—5B tons roasttal ore-mattu, m Unm matte^slag (from t!n^ nrxt 
operation), 80 tons ore-slag from tlie same furnace, 5 tons of’leailv r.«f 4 iitui-i 4 
and droHs<*B, and 15 tons of burnt pyritt‘S, tap cinder, ami similar irem tluxing 
materials. Form(‘rly, the. (juantity of fi^rruginouH slags usetl was much largi-i, 

* HanMiichdar Mnttdlhiditmkumk, voL i., p. 

t Scimala*!, Handhttrh dtr Mdalihidknkumit, 
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but now reliance is chiefly placed on roasted matte as a means of supplying 
the iron required for combining with the sulphur of the ore. 

The total quantity of the above mixture passed through a round furnace, 
of the dimensions shown in Fig. 79, with a blast pressure of 6 to 8 ozs., 
is about 10|- to 11 tons, corresponding to only 3J tons of ore. The consump¬ 
tion of coke is about 13 per cent, on the whole charge or 40 per cent, on the 
ore, and three men are required on each twelve-hour shift—viz., one smelter, 
one feeder, and one slag runner. The slag hows continuously, lead and matte 
being tapped together from time to time, the matte cake being lifted from 
the still melted lead as soon as set. For every 60 tons of lead set free about 
65 tons of matte are produced. The composition of matte and slag are given 
in Table XXX. 

The working up of the matte consists of a series of alternate roastings 
and smeltings. The roasting in heaps at Clausthal and in kilns at Lauten- 
thal has been already referred to in Chapter x. The smelting takes place 
in small square masonry furnaces of antique pattern, with one or two tuyeres 
in the back. The roasted matte is smelted together with 140 per cent, of 
■ore slag, and the coke consumption is 20 per cent, of the weight of matte or 
8 to 9 per cent, of the weight of charge. The small quantity of work-lead 
produced is richer in silver than that produced direct from the ore, containing 
70 ozs. silver per ton as against about 48 ozs. A second roasting and smelting 
produces a third lead and enriched matte; while a third roasting and 
re-smelting gives no more lead, but only an impure black copper with 
30 per cent, of lead. The two (sometimes three) following roastings 
and smeltings give further quantities of purer black copper, but the 
matte continues about the same in percentage—viz., between 57 and 
60 per cent. Cu. 

The following table shows the weights of lead, matte, and black copper 
obtained at each successive concentration smelting, beginning with 1,000 tons 
of ore (to which are added in the ore furnace 500 tons of roasted matte and 
1,500 tons of duxes and slags):— 



Tons Lead. 

Tons Matte. 

Tons Black ! 
Copper. 1 

Ore smelting produces, . 

600 

650 

1 

1st matte smelting produces, 

52 

150 

i 

2nd „ „ „ 

9 

40 

I 

1 3rd „ „ „ 


18*4 

4 ! 

4th „ 


7*3 

1 4*6 ; 

5th „ ,, „ 


4*4 

1*4 

6th „ „ „ 

often 

omitted. 

i 

■■ 

Einal products, 

661 

4*4 

10*0 1 


The following tables, compiled from data quoted by Schnabel,* give the 
-analyses of slag and matte obtained from each concentration smelting, the 
original matte and ore slag being added for comparison - 


* Op. ciLf pp. 406 to 413. 
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TABLE XXX.— ^Matte and Slag Analyses (Clausthal). 

Matte. 






1st or Ore 
Matte. 

2nd 

Matte. 

3rd 

Matte. 

4th 

Matte. 

5tli 

Matte. 

6th 

Matte. 

Pb, . 




12-44 

8-01 

13-00 

9-06 

6-32 

3-88 

On, . 




3-49 , 

12-29 

35-72 

42-30 

58-10 

59-86 

Pe, . 




48-69 

45-62 

21-88 

19-98 

11-01 

12-24 

Zn, . 




4-31 

3-36 

2-23 

1*59 

0-96 

0-75 

Ag, . 




0-035 

0-035 

0-08 

0-075 ' 

0-06 

0-035 

s, . 




25-65 

21-80 

19-49 

17-89 1 

20-15 

20-78 





94-615 i 

91-115 

92-40 

90-895 

96-60 

97-545 

1 


Slag. 



1st or Ore 
Slag. 

1st Matte 
Slag. 

2nd Matte 
Slag. 

3rd Matte 
Slag. 

4th Matte 
Slag. 

5th Matte 
Slag. 

SiO... 




31-09 

24-91 

27-21 

17-43 

17-06 

18-97 

Al.,6., 




6-98 

4-50 

5-85 

5-87 

5-36 

6-47 

Peb, 




40-64 

51-85 

54-56 

62-14 

65-08 

61-84 

MnO. 



. 

0-86 

0-75 

1-07 

0-49 

0-56 

0-50 

NiO + CoO, 



0-03 

0-13 

0-06 

0-27 

0-34 

0-54 

ZnO. 




8-01 

6-56 

6-24 

4-30 

2-55 

2-90 

BaO. 




1-04 






CaO, 




4-39 

4-25 

5-46 

2-00 

2-32 

2-27 

MgO, 




0-05 

0-38 

0-52 

0-39 

0-24 

0-47 

K.O, 




0-58 

0-51 

0-64 

0-57 

0-63 

0-77 

NaoO, 




0-35 

0-33 

0-31 

0-33 

0-41 

0-53 

Pb, . 




1-70 

1-55 

2-25 

1-47 

1-02 

0-92 

Chi, . 




0-21 

0-90 

1-39 

1-90 

1-88 

1 1-58 

Ag, . 




0-002 

0-0022 

0-0012 

0-0015 

undet. 

undet. 

Sb, . 




0-22 

0-20 

0-08 

0-09 

0-34 

0-20 

BaSO , 



. 

0-51 

0-30 

1-11 

tr. 

none. 

none. 

P.,0,, 




0-79 

0-69 

0-85 

0-43 

0-45 

0-47 

s, . 




3-55 

3-86 

2-34 

1-47 

1-02 

0-92 


101-002 

jlOl-4922 

99-9512 

99-1515 

99-26 

99-35 


The above complicated procedure is quoted chiefly on account of its- 
historical interest and as a contrast with modern practice, since none would 
advocate the adoption of such a series of operations in place of the ordinary 
modern practice, whereby in only two operations lead matte is converted 
into a rich copper-silver matte and an impure silver-lead; even allowing 
for the fact that only a small part of the original matte treated has to undergo- 
the concentrations from No. 2 onward, it is evident that there is unnecessary 
complication. While at Clausthal there may be possibly something to be 
said for the retention of the precipitation process in preference to roasting 
the ore direct, there can be no valid reason why the treatment of matte (up- 
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to tlif |Hnnf wlu'rt* silvtn' extraction commences) should not be cut down to 
t wo ruiicrntnitiouH iuHtcud of five, as above. The second concentration could 
ho luudf* to vlAd piniph* rcKulus," as at Freiberg, or a “black copper/^ if 
it WfT'f* proiVrrmi t(» udhcrt‘ to the Oker process of silver extraction, described 

III tie* Mt'titliiiftii t*i Si'irrr, 


AUSTEIA-HONGARY. 

PiTubram (Bohennia),* This is the largest individual metallurgical 
roll! If «if t!io Aunt Hi Ihmganan empire. An analysis of the ore treated is 
III liihh* X. 1'!h‘ roasting furnae<‘s, twelve in number, are figured 
and dr irnhcd m tluiptta' v. An avm'age sample of the ore as roasted con- 
tuiivH :ii |ii‘r rriit. Irud and pm’ eimt. (85 ozs. per ton) silver, while, after 
rituHtiiiit, tie* ^inlpliur conttaitH tlo not exceed 1 per cent., the proportion of 
ffipprr hriiig HO aniall that then* is no iu‘ed to leave sulphur in the roasted 
fn*f fu proti'ii If from h*‘ing carritul away in slag. 

ii».i’4trd t»rc in nuxt‘ti with 11 ux<*h (tap-cinder, roasted pyrites, and 
luiifftoiiio in tie* proportion of 117 tons fluxes to lOO tons of ore. It is smelted 
ui iiiuiid water hloek furnaces (described in Chapter viii.) with eight 

2| iiirli tnu‘reH .^mpplied with air at 15 ozs. pressure. In twenty-four hours 
22 tMii'i ‘»f ore arc put througln or a total of 51 tons of charge, the fuel con- 
atiiiiptioii hi'iiu! MV I per ofiit. coke. 

Tlit» tdian^r rarries an average of M) per e(‘ut. lead and 32 per cent. SiO.j; 
th«' 'dag prodiieed uverugen 1*58 p(*r e(‘nt. haul and 36 per cent, silica. 

1'lo* work lead produced contains about I50 ozs. of silver per ton. It is 
iit|uutrd Itefore tle-ulverku! ioii iu the steam-pattinsonising plant {v. Chap, xv.) 
ill rliaiiO'H ni I mrfne tou eacdi, and yhdds from 4 to 5 per cent, of dross 
eiiriA iiig I per celt! . Mu uml 70 per c’cnt. Id), whi(*li removes 80 to 90 per cent, 
of fill' copper prifcnt. The tuatit* is very small in (juantity, and is returned 
to fit*- ore fiiriiui e after roasting in tlu* stalls described in Chapter v. The 
< Iran niitgs coiitaiiiitm untler 11 per cent, lead and | oz. silver per ton are 
lltriiwfi a large part being, Imwever, utilised for the manufacture of 

fdi'ig hiirk, Kiiiil slugs containing more* than the above-mentioned pxopor- 
ttfUiu of Inifl a,fid stiver lire returned to tlu* furnaces. Analyses of work-lead, 
aiid ‘dug ufe given in Tallies XXI\., XXVI., and XXVIII. respec- 
livrh! while 4 it 4 l%‘ses of s^pcisH iiiid hmirtli ueeretions will be found in Tables 
XX \ tl. and XXIX. resptH’tively, 


SCAIN. 


A large Iiiiri of the lead prodmanl in this country is from reverberatory 
aiifl iieitflh iiiiielliiig, htif Hcverai of tlie largest establishments, notably those 
ill at IHieftidlaiio, and at P(*uarroya, employ blast furnaces 

r%i ItifUVrlv, heiiiii. itmallv circular ami of tlu* modified Spanish or German 


Biififirroyn.t At these works tlu'n* an* four large brick-built furnaces, 
oiir Ilf %Uiieii IH iilwiiVH JU fcscrve r(‘ady to blow in. They are rectangular 

* III 4li«. iMi,. vul. X. /■ 

If. is ii II , p, t47 ; and 41hi. ImiuMry, voL xi., 190-, p. 44— 

t iVitoif mm. 
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with rounded corners, and have nine water tuyeres arranged around three 
sides. They measure 1*50 m. (5 feet) by 1*80 m. (6 feet) at tuyeres and 6 m, 
(19 feet 6 inches) in height to feed floor, and are supplied with blast at a pres- 
sure of 14 to 18 ozs. The material smelted is chiefly H.H. pot-roasted ore 
(already partly fluxed), to which is added 10 to 14 per cent, of additional 
iron ore, or roasted matte, as well as any dross that may happen to be on 
hand. Of this charge the furnaces smelt each from 100 to 110 tons per 
twenty-four hours, producing in the same period from 50 to 60 tons of lead, 
besides a variable amount of matte, say from 3 to 10 tons. The lead carries 
from 0T3 to 0T4 per cent, silver (say 42 to 45 ozs.), but only the minutest trace 
•of gold; the matte runs 5 to 10 per cent, lead, 1 to 2 per cent, copper, and about 
40 per cent. iron. The lead is tapped at intervals into small dressing pots, 
the contents of which are ladled into moulds as usual. The slag made runs 
SiOo 28 to 30, FeO 36 to 384, CaO 22 to 28, Zn 2 to 4, and under 1 per cent, 
of lead. The campaigns usually last from four to six months before the 
furnace has to be blown out. 

A large spray-jacket furnace after the Pertusola model, 7 feet in diameter 
and over 20 feet high, with fifteen tuyeres arranged in two rows, staggered, 
with 6 inches diflerence in height between the rows, has been tried here under 
a blast pressure of 24 ozs., but has given very unsatisfactory results, the 
chief difficulty being that with this excessive diameter the blast does not 
penetrate, and a column of only partially fused material gradually accumu¬ 
lates in the centre of the furnace. It seems probable that such a great diameter 
can only be successfully employed where the ores are of exceptional fusibility, 
and where the proportion of fines is low. 

IVEazzarron, near Cartagena. —At this establishment, which turns out 
over 20,000 tons of lead annually, three large round furnaces are kept running 
to treat 80,000 tons of ore. They are of the Pilz type, two of them being 
6 feet in diameter at the tuyeres, 9 feet at the throat, 18 feet high from tuyeres 
to feed floor, and having eight 2-inch tuyeres supplied with air under a pres¬ 
sure of 6 ozs. The remaining furnace is oval, 10 feet by 6 feet at the tuyeres, 
and 29 feet high, with sixteen tuyeres. Sea water is used for the jackets, 
and the blast is supplied by four No. 3 Root blowers. 

The mixture treated is as follows :—Roasted lead ores, 100 tons; irony 
old slags, 12 to 15 tons ; iron ores, 25 to 35 tons ; limestone, 20 to 25 tons ; 
slag returned, 40 to 50 tons—total, 210 tons. Of this mixture the two small 
furnaces smelt about 110 tons each, equal to 50 to 55 tons of ore per day; 
the large furnace about 140 tons, equal to 65 to 70 tons of ore daily. The 
furnaces are charged as usual for large round furnaces, coke being thrown to 
the centre and ore spread round the sides. They are worked as sump furnaces 
and tapped four times a day, yielding 6 to 8 tons of lead at each tapping, 
besides a small quantity of matte. The slag runs continuously, and a large 
proportion of it, containing under 1|- per cent, lead, is clean enough to throw 
away. Its analysis is given in Table XXVIII. 

The condensing flues are 34 kilometres in length, and the fume produced 
assays on an average over 50 per cent. lead. Analyses of' it are given in 
Table XXXVIII. It is treated by bricking with lime, sand, and a little fine 
galena ore, and adding to the ore charge on the last hearth of the roasting 
furnace, where it is sintered down with the ore. 
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ITALY. 

Pertusola.* —^At these works, the largest in Italy, and the original home* 
of the Huntington-Heherlein process, the new blast furnaces are circular, 
7 feet 6 inches in diameter at tuyeres and 23 feet high, provided with no less 
than 15 tuyeres in two tiers, an arrangement which, it is claimed, secures 
greater capacity concurrently with higher temperature in the smelting zone, 
better elimination of sulphur, and diminished fuel consumption. These 
claims, however, hardly appear to be substantiated, the only advantage 
securable from the placing of tuyeres alternately in two tiers close together- 
in the vertical plane being an approximation to the ideal for a circular furnace 
of a belt of blast all round the furnace, which should secure greater uniformity 
in the distribution of the wind, and, therefore, a more perfect utilisation of 
the available sectional area. 

The average tonnage treated per twenty-four hours is 233 tons of a fusible 
and favourable ore mixture, the average tonnage of lead produced being 
73 tons, or 40 per cent, on the charge, with a fuel consumption of 8*04 per 
cent., or 12*4 tons burden to one of fuel. No matte is made, but the work- 
lead is carefully drossed in kettles before casting, and yields daily about 
44 cwts. of coppery dross containing 40*5 per cent. Pb, 30 per cent. Cu, and 
17 ozs. Ag per ton. The composition of the slag produced is given in Table 
XXVIII, 

Monteponi (Sardinia).t—^At these works the principal ores smelted are 
of the following classes :— 

(1) “ Carbonateores of lead with much zinc, screened through a 10 mm. 
screen, the coarse being smelted direct and the fine, after sintering, either 
alone or with fine galena. 

(2) Dry lead ores, mostly quartz with 10 to 15 per cent. lead. 

(3) Galena, which is crushed fine and roasted dead, sand with 88 per cent, 
silica and some alumina and alkalies being added to decompose lead sulphates 
and frit to silicates. Roasting is ejected in two hand-rabbled reverb oratories, 
59 feet long, which turn out 12 metric tons of roasted ore per twenty-four 
hours, consuming 1,800 kgs. of English bituminous coal, or 2,400 of Sardinian 
lignite. 

The charge for the blast furnace (already described in Chap, x.. Figs. 84 and 
85) consists of 50 per cent, roasted and raw ore, 20 per cent, fluxes, and 30 per 
cent. slag. The fluxes employed are a limestone from the mine 98 per cent, 
pure, and a limonite from the calamine deposits with 48 per cent. Fe, less 
than 4 per cent. Zn, a little lead, and traces of copper and silver. Of this 
charge each furnace smelts 60 tons ( = 30 tons ore) per twenty-four hours 
with a blast pressure of 15 ozs., and a fuel consumption of 12 per cent. The 
slags produced contain Si02 25, FeO 33, ZnO 15, CaO 16, MgO 3, BaO 2, 
AI2O3 2*5, Pb 1 to IJ per cent., and small quantities of alkalies, sulphur, &c. 
There being but little sulphur in the charge, no matte is produced, but only 
a large quantity of furnace dross which contains Pb 90, S 1*6, Cu 0*85, Zn 0*4, 
Fe 0*99, and Sb 0*22 per cent. It is liquated and then reduced in a reverbera¬ 
tory furnace yielding lead and a copper matte, which is smelted in a small blast 

* Berg-u, Huttenm. ZeituTig, 1899, p. 189. 

t Perraris, E. and M. J., Oct. 28, 1905, p. 781, translated from Oest Zeit. /. B. u. B\ 
Wesen, 1905, p. 455. 
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furnace, giving hard (antiinonial) lead and a second coppta* inattt' with ld> 30, 
C'U 18, Fe 25, and S 18*4 per cent. This second matt-t‘ is d(‘ad-ronst<‘d 
in reverberatories, sintered, and smelted in the small blast furnac(‘ to t’tjppi'r 
bottoms containing Cu 60 per cent., Pb 25 per cent. Tlu^se are litpaOtal 
for more lead, and refined up to blister. All the. slags from tliest^ suhsidiarv 
■operations are returned to the ore furnaet‘. 


0 REECE. 


Laurium.'^—At the works of the French Laurium Company a variidy of 
natural carbonate ores mixed in such proportions as to be practically self 
fluxing is sm(‘lted with roasted haul eoruaait ratios obtaiiual from mixed sulphitlc 
ores. Tlu‘ fines of the rieluu' on‘s an* senHau'd out to bi‘ handled with tlie 
roasted hnul concentrate's, and fornu'rly, up to 11)05, tht'V wa'n* treated by 
briquetting with flue-dust; tlu' mixture' was made up in laye'rs in OOtem 
be'.ds or low lu'aps about *1 fe'e't high, we'll \vate*re'd, anel tlu'U she)Velleel into 
the hoppers of soft mud auge'r-type brie*k maeliines, e'ach with two nozzles, 
b inches X 4 inedie's, the prismatie^ bars be'ing cut off by liie'ans ed ware's so 
as to make' brie.ks of about 22 lbs. e'a.eh, wdue'h, afte't* eirying f<»r twe* dnvs, 

were stacke'd in heatps. Tlu'se' briepied-te'S mixe*el with cailean'ems and man 

ganife'rouB e'arbonate^ ore's forme'd tlu' snu'lting e'harge'; the Itgul cemt td 
briepie'tting was only Is. 7d. pe'r t.on. 

in 1906 blast-roasting was int.reuluea'd fea* the' sulphieh's and i'oiicemirati'S, 
supe'rse'ding bri((ue‘tting for this itude'rial. The' pn'liminary (auiccntratum 
take's place in Oxland furnace's (see (bap. v,), and blast roustiug of the 
product (d tlu'se' toge'the'r wdth an e'epinl amount, cd raw' eamccutrates is 
earrie'd e)ut. in l|-ton pots as de'se'ribe'd in (’hup. vi. 

Until 1907 the furnace's we'iv of the olel ('astiliun typ«\ meerc or Ic.^s ,m 
sliown in Figs. 71 and 75; the*y wu're' twe'lve* in numbe'r, the' he'ight ed tin* 

.memt mode'rn be'ing M fe'e't from tuyere's to fe't'el lloen*, with take tdl tnider 

lU'ath, and tlu' blast pre'HSure' avi'raged only 10 inedu's ed w'ater: the ediarge 
avc'rage'd a yie'ld ed 10 per e*e'nt. of h'ud, and was smelte'el with Ul to 17 per 
e'ent. of poor e-oke'. ,Faeh furnace tre'ate*d ahemt 25 tmn ed ediarge per tlav 
with a fume' loss e)f 2 to 2| pe'r ee'Ut.. ed tin' eharge', eer from 2t) te* 25 per earn!, 
-of the total h'ad pre'se'ni. Owiiig to the' slow rate* ed smt'lling, tin* Ingli 
re'duetion, and the low te'mperature ed the snu'lting zeme, great Inmldi' was 
e'xpe'rieuua'd from aec're'tiems both in the* In'urtliH and in tin* shafts ed fln-sr 
old-faahione'd furnaeu's. 

In 1907 the installation was eomph'ie'd of a large* reniaiigular furitace *d 
the', late'st type', me'asuring 18 by 160 inche'S at tuye're*s, whie-h luiii been idreativ 
elescribe'd, toge'tlier with many of its acce'SHorie'S, in the eliaptm* <m (see 

Figs. 95 to l(K)). The eruc'ible' with its spee'ial e'hromite magnesite limng 
(Fig. 101) and the' wrought-iron w'nte*r jaekeds, 7 h'l't high (Figs. lOT to 110), 
have' bee*n alreauly refe'rre'd to, aise^ the aut<»genouH Holelertng ed the Inyrn’e 
Koeke'ts into tbe jaeke'.ts (Figs. 116 and 117). Tin* staedc is budf. m ukiiuI 
upon arehe's, the abutments of wdiieli are' he'Hvy c'orner braekefs with tieTtHls 
to take' up the', stre'sst's. The'. arrangc'ine'ntH for hanelliiig matte and slug have 
be'e'ii fully dt'Hcribed in ihei same' (jhapte'r name’ly. the tapping jaekrt 

.(Figs. 113 to 115), slag spout (Figs. 163 to 167), water-coeded plug ft*r cem 

* PrivutK ItHM, and remraiooVnO’e/ci, IHOO |i» |«aiH. 
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tu^llin^ hIh^ How (Mgs. IHT to 169), and tlie forelieartli and slag granulating 
trougdm and hop|H‘rH (Kigs. 173 to 176). 

1 lit* u ork-lcad oviailows from tlie load well into one of two steel cooling 
pots holding J,otK) kiUm., in wliioli it is dressed and tapped at intervals into 
tilt' usual lialf-oirolo of moulds. The matte and speiss are tapped from the 
lurohi'urth usually ouot'in t wenty-four hours, and instead of the pits formerly 
rmplovod, the stroani is rooihvod on long trucks with a row of moulds on 
fiu'iiu sonu'what after the fashion of the arrangement shown in Figs. 180 to 
IHt. oxeept tluit the moulds are made in cast iron with much less ‘‘flare, 
and tliat tht‘ trucks are mich longer. The granulated slag in particles less 
than 2 mm. in dianudm* is received in two 8-ton sheet-iron hoppers, shown 
in Fig. 176, which arc usihI ultt‘rnat(dy, one filling while the other is draining 
and I’mptying ; draining by means of a perforated section at the point of the 
pyramid taki*H only liv<‘ to tiui minutes, after which the valve is opened by 
mraiis of tlie haud-wlieel and the slag is discharged into a waggon below, 
wliieli holds 8 tons. Ihvo men per shift sulhce to handle all the slag from 
flit' furiKU’c, hasidt'H lireaking up and loading the matte and speiss produced, 

I lid this uheii the furnuci* is smelting from 275 to 300 metric tons of ore per 
iwnity four hours, ddie matte-fall is quite low, partly owing to the com- 
parativi'iy tliorough roasting of the sulphide concentrates, partly to the rapid 
4im*ltiiig and low reduction, by which much residual sulphur is expelled; 
utting to the higli pt'rcentage of arsimuj in the ores, a good deal of speiss is 
made, m*arly as much as thi' matte in (piantity, but it is uniformly poor, 
averaging only about I per emit lead and 3 ozs. of silver per ton. Analyses 
of tto‘ various furmu’c products given in the various tables in Chapters x. 
4ii<! xiii., but for conviuiiiuit. ref<‘renc(‘. they are repeated here all together. 

TABLE XXXi.-- Analyses of Laueium Fuenace Peoducts. 
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Hint?. 

Matte. 
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Elue-dust. 
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0-80 

0-80 
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Al ,i>. 


ii-:i8 

3-83 

4-96 


iWu,. 


17-33 



31-72 

As, 

C‘40 


0-40 

20-75 

CYi, 
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1-85 

0-63 


7dh . 


9-87 

7-57 

1-75 

3-70 

Hi, , 

] ] ] o’o9 





Hb, . 

8 

. ' 1*96 




6-43 


0*78 

21-81 

4-61 

l*b. 

! 1 1 ! 97^8 

0-80 

7-75 

0-50 

39-45 

ar, : 
Ail . 

. 1 (eir>o 

0-0010 

0-025 

0-0109 

0-003 

. . 0*(KK)4 

. . 

.. 
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• « 


Blunt in Hupplied iit 35 to •!() ozs. pressure by a No. 7 Connersville blower 

(Irivfii direct by n IKI H.P. gas engine. , , ,i. . j. v 

With u fuel .•onsurnption of 13 per cent, of coke, the furnace pute thiougb 
from 275 to metric tons per twenty-four hours of a self-nuxmg ch^p 
, urrying ubout H per cent. lead, of which 90 per cent, is recovered. The 
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somewlaat aluminous and zincy slags contain from 0*7 to 0*9 per cent. lead. 
The whole of the work around the furnace takes only 36 men per twenty-four 
hours, or 12 per eight-hour shift—namely, four on the lower floor and eight on 
the feed floor; the labour cost amounting to only Is. or 13d. per metric ton 
of material handled. The substitution of this modern furnace for the old 
type formerly in use has resulted, as was anticipated, in the effecting of gnuit 
economies in every direction, particularly as regards loss of lead, labour cost, 
and fuel consumption. Plans are now being got out for a still larger furnace, 
embodying some slight improvements in accessories. The exceptionally larg(‘ 
tonnage smelted in these furnaces, which arc not abnormal in size, is, ol 
course, a result of the self-fluxing nature of the charge, no portion of which 
is notably more siliceous than the average. 


AUSTRALIA. 

At the Broken Hill Block 14 Smelting Works * (Port Adelaid<\ S.A.) 
four furnaces were formerly in blast, treating an ore charge of unique com¬ 
position. About three-fourths of the ore treated, or two-fifths of the total 
charge, including fluxes, was composed of roasted concentrates and slim<‘s 
from the concentrating plant of the Company's mines at Broken Hill. I'Ih* 
former contained 55 to 60 per cent. Pb, 25 to 30 ozs. Ag, and 8 to 10 ptu* c(mt. 
Zn ; the latter, 30 to 35 per cent. Pb, 20 to 25 ozs. Ag, and 15 to 20 per tumt. 
Zn. 

These concentrates and slimes were mixed in any convenient proportioUvS 
according to the stocks on hand, and roasted in the three-heartli r(W(‘rl)(‘ra- 
tories described in Chapter vi. No attempt was made to roast below 7 to 
10 per cent. S, as it was found that, by using a large volume o£ blast so as t.o 
keep the furnace gases oxidising, or at least not distinctly rc'diiclng, tlu* 
reactions so well known in connection with reverberatory smedting c.onu' into 
play, and reduce the lead just as well at if the roast had been cornphdH^ and 
reduction were effected as usual by means of CO and glowing (carbon. The 
ore was, therefore, rushed through the roasters at the rate of niiu' charge's 
in twenty-four hours (an unusual procedure for such material), and the. Unn- 
perature on the last hearth was just high enough to bring about incipitmt- 
softening and to form lumps. There were thirteen of these roasters in opera¬ 
tion, all of uniform type ; there was no appreciable volatilisation loss ; and 
the flue-dust formed was trifling in amount. Further details about tlu‘ 
roasting process arc given in Table XI. 

The remainder of the ore treated consisted of siliceous and ferruginous 
carbonates, with about 10 per cent, lead and 10 ozs. silver. The fluxes UB(‘d 
were barren iron ore with 15 per cent, silica, costing lOs. 6d. per ton; and 
limestone (96 per cent. CaCO;.), costing 6s. 3d. per ton ; the fuel being English 
coke (7 per cent, ash), costing 29s. to 33s. per ton, all delivered at tlie works. 
The furnaces employed have been described and figured in Chapter viii.. 
Figs. 91 and 92, but their manipulation was attended with some special 
difficulties on account of the high zinc contents. The hangings " gave 
great trouble until it was discovered that drawing in " the furnace from 
immediately above the jackets to the bottom of the downtake by only 6 incdies 

* Private Notes, 1897. 
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or so, all round tke furnace, thus giving a slight overhang to the brickwork, 
was of very great efficacy in preventing their growth.* The large amount 
of fume given o:ffi caused trouble to the feeders when the ordinary open tops 
were used. This could have been got over by using a stronger chimney 
draught, at the expense, however, of less condensation and higher losses. 
More recently, a large ventilating hood in the roof was provided at a con¬ 
siderable height over each furnace, and connection was made with this by 
means of a sheet-iron chamber provided with large feed-doors at each side, 
and running on wheels so as to be easily run back for barring the furnace. 

Each furnace was run by its own independent blower, a plan which, as 
already seen, possesses many advantages, especially when the ores are not 
particularly docile. The tuyeres of these furnaces being almost absolutely 
air-tight, and the loss by ''slip'' on ordinary types of impeller blower, 
although large when running against a high pressure, comparatively small 
when running against a low pressure, it was easy to calculate the ratio 
between the quantity of air delivered into the furnace and the fuel consumed. 
Allowing for slip and leakage, the amount of air delivered into the furnace 
was in excess of that r(H]uired to burn all the coke to CO^; the atmosphere 
inside the furnace, therefore, may have been oxidising, but can certainly not 
have been reducing in its eficcts. 

Each furnace was providt‘d with two syphon taps on the same side, 
terminating in small huid widls. Theses Wiun^ tapped alternately at short 
intervals into small cooling pots, where the lead was allowed to cool, and 
was carefully " drossed " before ladling into the usual series of reversible 
moulds hung upon fram<‘.s, the abundant dross ((ffiicfly PbS) being cast into 
two or three bars whi(di were r<‘,turn(‘.d to the furnace. 

The column of charges was run quite exceptionally low, usually about 
8 feet below the feed Ooor, making the stock line only about 7 feet above the 
centre of the tuyer(^8. Idle down-takes of all four furnaces led to a single 
flue 7 feet widt^,, 12 feet high, and 400 f(H‘.t long, in which 6 per cent, of the 
total weight of ore smcdtiHl was (jolhicted. The stack at the end was 11 feet 
in diameter and 120 f(‘,et high. Slag taps t and spouts were provided at each 
end of the furnac<»s and w(‘-r(^ usc^d alternately, so as to keep both ends as far 
as possible under eciual conditions. The furnaces of course, placed 

lengthwise of tlu^ building, instcuid of transver8(dy, in order to admit of this. 

Part of the slag madci, afl(U’ running through an overflow pot, was taken 
out in small hand pots and utiliscid for <«ttmding the works, which are built 
upon a reclaimcHl fon'ahore, but tliebulkof it was handled in large single-pot 
trucks provid(‘.d with taphohvs for running out the molten interior, the whole 
of th(‘. slag shells from both classc's of pot (amounting in the aggregate to 
something like 20 per exmt. of tlu^. total slag made) being returned to the fur- 
nacjc. Tlie (H)mposition of tlu^, slag is given in Table XXVIII.; it contains a 
large amount of ZnS, whicii burns and smokes so much at the tapholc and in 
th(j pots that a separate ventilating chimney, 5 feet in diameter, has to be 
run up over <‘ach slag tap to tak(‘, off the fumes. With the exception of this 
inconvenience, and of th(‘. ni'cessity for keeping a specially close watch upon the 

f * This .rcHluctioii in the width of this fumaco immediately above the jackets is not 
Hhowri in the having bisen introduced Hince they were drawn; it has proved to be 

of the groatcBt value. 

t li.fs., matte-Hcparating taps like those shown in Figs. 14() to 153. 


20 
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running of the furnace, regular descent of charges, breaking up of incipient 
‘‘ scaffolds,"" and good condition of the tuyeres, very little difficulty is caused 
by the high zinc contents of the charge. The slag produced is hot and runs 
very thin; unlike the more siliceous slags, however, which pass through a 
plastic stage, it sets suddenly on cooling, and becomes quite hard and stony 
while still at a bright red heat. 

For anything like good work the composition of these slags, containing 
14 to 15 per cent, of metallic zinc, must be kept within very narrow limits as 
regards both sihca and lime, the limits for the former lying between 23^ and 
26 per cent., and for the latter 12 to 16 per cent. If the slag contains less 
than 10 per cent, lime, it carries away matte in suspension and the losses are 
increased; if there is more than 16 per cent, lime, the slag becomes mushy and 
gives rise to bad, irregular smelting. If the silica falls to 21 or 22 per cent., 
the losses of lead and silver in the slag are at once largely increased; if, on the 
other hand, it rises above 26 per cent., the lead loss increases rapidly without 
a corresponding increase in the silver loss, which, in fact, is generally lower on 
account of the larger amount of matte made. The non-formation of matte 
when smelting an ore charge containing 6 to 8 per cent, of sulphur and pro¬ 
ducing a normal slag, and its immediate appearance as soon at the silica 
contents of the slag rise above the normal limit without any change in other 
conditions, is one of the most remarkable facts brought out by the novel 
work of T. J. Greenway on these zinc ores. There seems to be no doubt 
whatever about the fact, which has been repeatedly observed whenever the 
ratio of silica to iron in the charge increased either by accident or design. 
The explanation is by no means obvious, but a clue is afforded by the fact 
that the matte so formed is not the ordinary iron matte, but one very high 
in lead and zinc, and containing only a small percentage of iron. Further, 
it has been noticed that a rise in silica is always accompanied by a rise in 
lead, even though the silver contents of the slag remain low. The practice 
of running slags high in ZnS is dead against experience elsewhere, and appears 
to be only justifiable under the pecuhar conditions for which it was designed— 
namely, a bullion fall of something like 20 per cent, with low silver contents— 
so that the loss of that metal in slags was not above 1 to IJ ozs. per ton, even 
with 2 to 2^ per cent, lead, high cost of fuel and fluxes, impossibility at the 
time of diluting the zincy ores by others free from that metal, and absence 
of copper with which to make a good matte for slag-cleaning. Under ordinary 
custom smelting conditions zinc in slags should never be run above 12 or 
13 per cent, at the outside (as much lower, of course, as possible), especially 
when alumina is also high, and the presence of ZnS in particular should be 
avoided by carefully roasting all ores high in zinc. 

At the Broken Hill Works* of the Broken Hill Proprietary Com¬ 
pany, siliceous and ferruginous carbonate ores (containing some galena) were 
formerly smelted on a large scale in fifteen of the so-called 80-ton furnaces 
similar to that shown in Figs. 91 and 92, but on a smaller scale, being only 
112 inches by 60 inches. The quantity of ore treated per day was about 
48 tons per furnace, exclusive of lime and returns. The average yield of the 
120,484 tons smelted during 1896 was 7*76 per cent. Pb and 21*5 ozs. Ag, 
the 9,357 tons work-lead produced thus averaging 207 ozs. per ton. Besides 
the lead, 1,406 tons of matte were produced (or 1*16 per cent, on the ore) 

* Private Notes, 1897. 
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carrying 13 per cent. Cu and 114 ozs. Ag per ton, all of wliich were shipped 
to the refinery at Port Pirie to be worked np. The limestone flux used 
(92 per cent. CaCOj^) cost 14s. per ton, and the coke (9 per cent, ash) 57s. fid. 
to fiOs. per ton, delivered at the works. Owing to the high cost of fuel and 
flux, a siliceous slag was run which was supposed to increase the furnace 
capacity, at the expense, however, of much higher furnace losses. 

The slag produced was run of! from the furnace continuously through the 
matte-separator, or internal forehearth already described (Chap, viii., p. 213), 
into the large double-pot trucks, also referred to, which were drawn by horses 
to the dump. The lead produced being small in amount was only tapped 
from the lead well about once, or at most twice, in a shift. A hemispherical 
cast-iron ladle with spout attached was so arranged as to revolve upon a 
pillar in front of the furnace ; the end of the spout thus traversed in succession 
a row of reversible moulds placed upon a frame in front of the furnace, so as 
to cast the lead direct from the well without any ladling or dressing. As the 
refinery belongs to the same company, and the dross has ultimately to be 
worked up into copper matte, no inconvenience resulted from this econo¬ 
mical practice. 

The furnaces were fed through “ open tops,"" and the column of charge 
in the furnace was kept 5 feet below the feed floor, leaving the “ downtake "" 
free; each plant of furnaces (nine in the north plant, six in the south) was 
provided with a separate flue and a stack, 180 feet high by 10 feet diameter, 
of sheet iron lined with one thickness of brick. The flue space providcul was, 
however, utterly inadequate to condense the enormous amount of fume pro¬ 
duced, and the volumes of dark grey smoke issuing from the stacks proven! 
the losses of lead to be unusually heavy for an important smelting plant. In 
criticising this heavy loss it should be borne in mind that the net value of lead 
in flue-dust at Broken Hill, allowing for treatment and realisation charges, 
is much smaller than at American or European smelting works, and, in fact, 
until quite recently, lead was about the cheapest thing that Broken Hill 
metallurgists had to handle. 

More recently the whole of the smelting operations of the B. H. P. Co. 
have been transferred from Broken Hill to Port Pirie, the reasons being the 
high cost of water at the Hill and the high railway rates on fu(fl and fluxes. 
So long as rich carbonate ores were available they could be smeltcKl at the 
mines at about the same cost as on the c^oast, but when it came to roasting 
sulphide concentrates the cost of fuel for that operation bec.ame prohibitive, 
and the smelting plant at Broken Hill was accordingly abandomd. 

At Port Pirie* roasted concentrates and heap-roasted Blim(‘,B {v. Chap, v.) 
from the dressing works at Broken Hill are smelted with a cc^rtain small 
amount of raw concentrates in eight large furnaces, fi2 by 212 inches at tuyeres 
(described and figured in Chap, viii., Figs. 93 and 94), with central hood for 
removing fumes. The charge consists of pot-roasted concentrates 2,()()() lbs., 
sintered slimes 1,000 lbs., raw concentrates 200 lbs., old slag 800 lbs., iron 
ore 1,050 lbs., limestone 550 lbs. ; total, 5,600 lbs., which is Bm(flt(‘.d with 
840 lbs. coke or 15 per cent, on the charge. It should be born(‘, in mind that 
the pot-roasted concentrates which make up the bulk of the (;liarg(‘, are already 
partially fluxed (see Chap, vi.), hence less flux is required to be cliargcd as 
a separate item of the smelting charge than was formerly the case. The 
* Belprat, Trans. Aust vol. xii., 3907, pp. 1-29. 
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cliarge averages about 17 per cent. Pb, of wbicb 95 per cent, is recovered, 
together with 98 per cent, of the silver; each furnace produces about 25 to 
30 tons of lead per twenty-four hours. Blast is furnished by eight Green 
blowers of 9,400 cubic feet capacity, each at 30 ozs. pressure, run by three 
engines aggregating 1,150 H.P. The composition of the slag and other 
details will be found in Table XXXIII. 

At Fremantle (W. A.)* a three-furnace plant is at work, principally on 
rich gold ores from Kalgurli, with some local lead and other ores, the chief 
leady material available, however, being Broken Hill concentrates. 

The furnaces are 52 x 112 inches at tuyeres, with cast-iron jackets 4 feet 
high, having openings between each pair of jackets for water tuyeres projecting 
8 inches into the furnace. The downtake is under the feed floor, the height 
to which is 17 feet, giving an efiective height of 14 feet for the charge 
column; the gases are drawn ofi through a main flue 350 feet long to a main 
chimney, 150 feet high. The lead concentrates being only plain roasted, 
and part of the gold ore fine, there is a good deal of flue-dust made, assaying 
up to 30 per cent, lead, 2 ozs. silver, and from 0-2 to 0*325 oz. gold. The 
bulk of the ore treated is rich Kalgurli ore containing on an average 50 per 
cent, silica, 14 per cent, alumina, 5 per cent, pyrites, with 7 per cent. FeO 
and 10 per cent. CaO as carbonates, together with from 3 to 5 ozs. of gold 
per ton. When lead ores were plentiM and a bullion fall of 12 to 15 per 
cent, on the charge could be secured, the average slags made contained 
1*75 per cent, lead (by wet assay), 0*43 oz. silver, and 0*027 oz. gold per 
ton ; but when lead was scarce and the bullion fall was only 7 per cent, with 
a matte fall of 4| per cent, (the normal condition of afiairs), the slags made 
carried 2^ per cent, lead (by wet assay), 0*8 oz. silver, and 0*05 oz. gold. The 
average make-up of the charge is as shown in Table XXXIII, which also 
gives a great many data in regard to the practice carried on. 

English coke cost d/d at the works from 52s.. 6d. to 57s. 6d. per ton, but 
a good local non-bituminous and non-caking coal being available from Collie 
(W. A.) at one-third of the price, it was used to replace 20 per cent, of the 
normal coke charge, by which means not only was some saving efi^ected 
but the furnace ran faster, and there was less tendency to the formation of 
wall accretions. 

The bulhon made averaged 20 to 30 ozs. of gold and 60 to 70 ozs. of silver, 
and the direct recovery of gold in bullion averaged 95 per cent, of the total 
gold charged, the extremes registered with very low and high proportions of 
lead on the charge being 87 and 99 per cent, respectively. Owing to the fact 
that payment was not made for the silver contents of the gold ores, the 
apparent recovery of silver was from 98 to 100 per cent. The matte made 
contained on an average 16*5 per cent, of lead, 7 ozs. of silver, and 0*28 oz. 
of gold per ton. It was crushed as usual and roasted in hand-rabbled 
reverberatory furnaces at the rate of 12 tons per day per furnace, and at an 
inclusive cost of 11s. 6d. per ton. 

Iron flux of good quahty cost 15s. per ton delivered at the works, lime¬ 
stone of poor quahty cost 4s. per ton. The total cost of smelting (details of 
which are given in Table XXXIV.) amounted to £1, 12s. 6d. per ton of ore 
smelted, the unusually large proportion of fluxes required (94 per cent, on 


* Private communication from L. Pitblado, 1904. 
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the weight of ore) accounting for the exceptionally high cost. Further 
details as to the furnace works are given in Table XXXIII. 

The high proportions of alumina and zinc in the charge, combined with 
the practical absence of copper and the low bullion fall owing to scarcity of 
lead, render the circumstances in general about as unfavourable as possible 
for the recovery of precious metals. The Fremantle practice described is 
altogether abnormal, and is quoted as an instance in which smelting methods 
have triumphed over unsuitable conditions rather than as an example of 
custom smelting practice of a normal character. 

At Bapto (X. S. W.)* very similar work was done a few years ago when the 
output of rich gold ores from Kalgurli was large, and details are given in 
column 4 of Table XXXIII. The figures there given refer to a period when 
the gold in the furnace bullion was exceptionally high. On some occasions 
the lead bullion was run up to even 60 and 80 ozs. of gold per ton, and even 
then the slag losses were remarkably small (see Table XXXVI., Chap, xii., 
for details of slag losses when producing exceptionally rich bullion). It may 
be noted that such rich furnace bullion was only produced when treating a 
considerable proportion of rich Kalgurli screened fines, often containing over 
100 ozs. of gold per ton. Such fines, of course, arrived at the works in bags, 
and it was found best to charge them into the furnace in the original bags, 
adding a bag at a time at regular but considerable intervals. The slags 
made varied in gold assay from 0*005 oz. with 10 ozs. bullion up to 0*06 oz. 
with 60 ozs. bullion, but all slags made with more than 0*025 oz. gold were 
saved and re-smelted. The author understands that the Dapto plant has 
been rebuilt at another point, and recent practice at the rebuilt plant is more 
nearly upon the general lines of smelting work in the U.S. and Mexico. 

CANADA. 

At the Sullivan Sihelting Works (E. Kootenay, B.C.) mixed sulphide 
ores with Pb 27 per cent., Zn 12 per cent., Fe 18 per cent., SiOo 7 per cent., 
and CaO 3 per cent., with 11 ozs. As per ton, are mixed with 10 per cent, of 
siliceous ore and blast-roasted {v. Chap. vi.). The blast-roasted ore is 
smelted in two furnaces, each 42 by 128 inches, with seven tuyeres a side, 
supplied by a Connersville blower of 68 cubic feet per revolution with blast 
at a pressure of 18 ozs. Each furnace puts through per twenty-four hours 
120 tons ore charge and 30 tons slag, or 3*2 tons total burden per square 
foot of hearth area, with a coke consumption of 11 per cent. No matte is 
made, but a good deal of dross (chiefly PbS) accompanies the lead. The slag 
produced contains SiOo 20 per cent., FeO 26 per cent., CaO 10 per cent., 
MgO 4 per cent., AhOg 4 per cent., Zn 15 per cent., with about 1 per cent. 
Pb and under 1 oz. of silver per ton. 

At Trail (B.C.)J the lead smelting plant consists of two blast furnaces, 
45 by 140 inches and 45 by 160 inches respectively, which treat, the former 
125, and the latter 150, tons per twenty-four hours, the lead ore having been 
previously roasted in four 26-foot Heberlein furnaces, and agglomerated in 
24 H.H. pots. 


* Private communication^ E. A. Weinberg, 1904. 
t Min. Ind., vol. xv., p. 532. 

j Canadian Mining Journal, 1907, vo3. xxviii., p. 421. 
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Most of the smelting done in Canada is, however, matte smelting, and is, 
therefore, not further described here. 


UNITED STATES. 

Since the consolidation of smelter industries in the States by the American 
Smelting and Kefining Co., it has been the policy of that company not to 
permit the publication of information in regard to the plants, and although 
the author has had the privilege of going over several, it has been on the 
express condition that no complete specific descriptions were to be pub¬ 
lished. Apart, therefore, from such data as have been given incidentally in 
the preceding chapters illustrative of modern practice, which, originating 
in the United States, has become standard in other countries, and has even 
spread to Europe, the only data which can be given here are such as have 
been aheady published in technical periodicals.* 

Apart from differences in general arrangements caused by the character 
of the prevailing ore supply or by the lay out of the works, the actual furnace 
practice at the great American custom plants shows less variation than at 
any former time, having become more or less standardised by elimination 
of details which have not stood the test of practice. As regards the very 
important feature of the composition of slags aimed at, Ingalls gives f the 
following table showing the average composition of the slag made at some 
of the leading American smelting plants during the month of October, 1901 :— 


TABLE XXXII.— Slags Produced at American Smelting Plants. 


Name of Plant. 

Ag. 

Pb. 

SiOo. 

FeO. 

xMnO. 

Zn. 

CaO. 

MgO. 

15aO. 


Oz. per 

Per 

Per 

Per 

Per 

Per 

Per 

Per 

Per 

Per 


ton. 

cent. 

cent. 

cent. 

cent. 

cent. 

cent. 

cent. 

cent. 

cent. 

Globe, Denver, 

0-46 

0*38 

31-3 

26-2 

8-0 

5-1 

14-5 

2-5 

0-7 

6-9 

Grant, „ 

0-86 

0*43 

30-2 

27-5 

6-7 

5-9 

14-8 



6-4 

Pueblo, Pueblo, 

0-90 

0*80 

30-9 

26-6 

9-0 

4-0 

14-2 

i-2 

2-4 

6-2 

Eilers, „ 

0-88 

0-88 

31-4 

25-6 

10-7 

5-7 

14-2 

1-2 

0-9 

6-7 

6-9 

Pbiladelpbia, „ 
Durango, Durango, 
Arkansas Valley, 

0*80 

0-80 

30-8 

31-1 

5-3 

5*6 

12-3 

1-3 

1-2 

0*83 

1-11 

30-7 

32-5 


5*8 

19-4 


1-3 


Leadville, . 
Germania, Salt 

0*80 

0-90 

31-5 

31-6 

6-3 

5-3 

14-8 

2-6 

1-2 

4-5 

Lake, . 

East Helena, Mon¬ 

0*56 

0-84 

37-6 

27-0 

2-7 

5-1 

20-8 

•• 



tana, . 

0-70 

0-96 

34-7 

28-1 

2-0 

6-9 

20-4 

1-4 


3-0 

Silver City, . 

0*20 

0-50 

36-4 

30*2 

0-8 

4*3 

15*1 

1-0 


8-1 


The above figures may be compared with the average slag recommended 
by lies—viz., 32 per cent. SiO., 34 per cent. EeO, and 20 per cent. CaO—and 
with that from the Murray plant described on a subsequent page, and it 


* See Ingalls, Lead Smelting and Refining, 1906, pp. 285-305, reprints of articles in 
-AI. «/., April 19, 1902; June 28, 1902; and translations of articles by 
0. Pufahl in Zeits. /. B, H. u. Salinen Wesen im Preuss. Staate, 1905, vol. iii., pp. 400-444 • 
also Min. Ind., vol. xiv., pp. 397 and 398; vol. xv., p. 532; vol. xvi., pp. 667 and 668 
t Lead and Zinc in the U.8., New York, 1908, p. 45. 
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will be seen that there is less difference in the composition of these slags than 
in those given in Table XVII., Chap, vii., which represent the limits of good 
practice under more extreme conditions. 

Table XXXIII. shows some not very recent data from two representative 
American works side by side with similar figures from Mexican and Australian 
works, and specific references in regard to the roasting and smelting practice 
at other works have been given in Chapters v., vi., viii., ix., and x. The 
following abstracts of data, which have been already published in regard to 
other plants, may be given here. 

At the Pueblo plant of the A. S. and P. Co. (Pueblo, Colo.)* there are 
seven blast furnaces, 48 by 148 inches at tuyeres, with 18 tuyeres supphed 
with blast at 34 ozs. pressure, each of which smelts per twenty-four hours 
about 150 tons of charge, producing 11 to 15 tons of bullion, and a somewhat 
less tonnage of matte carrying 8 to 12 per cent, each of Pb and Cu. The 
mechanical charging arrangements for feeding the furnaces with 4-ton charges 
have been described (Chap, viii.), as has also the roasting of ore and matte 
in Bruckner and O'Hara furnaces (Chap. v.). The roasted matte is concen¬ 
trated in a separate furnace with siliceous copper and gold ores to a second 
matte of 45 to 50 per cent. Cu, which is shipped to the refining plant. The 
flue-dust from the furnaces is briquetted in White presses (v. Chap. ix.). All 
the lead bullion produced is refined at a refinery attached to the smelting 
works, which is where the Howard press, stirrer, and skimmer were first 
introduced (see Chap. xvi.). 

At the Eilers plant (Pueblo, Colo.)t there are six furnaces, 48 by 164 inches, 
which smelt 160 to 180 tons per day each, with a coke consumption of 11 per 
cent, on the charge, a bullion fall of 10 per cent., and a matte fall of 8*3 per 
cent. All the sulphide ores received (except rich Idaho lead concentrates 
which are smelted raw) are roasted down to 5 to 7 per cent, sulphur in 15 hand- 
rabbled reverberatories, which put through about 15 tons per day each. 
The furnaces are hand-charged, and the slag is handled by means of fore¬ 
hearths and tapping pots, the shells from which (30 per cent, of the total slag) 
are returned for re-smelting. The matte is roasted and concentrated in a 
separate furnace, as at Pueblo, and the concentrated matte with 45 to 50 per 
cent, copper is sent to the Philadelphia works, which has become a copper 
refining plant. 

At the Globe plant (Denver, Colo.) there are seven furnaces, 42 by 144 
inches, with an effective height of charge column of 18 feet 6 inches, each 
provided with 16 tuyeres supplied with blast at 32 ozs. pressure, and each 
smelting 120 to 150 tons of charge per day. Double Nesmith pots are used 
for taking matte and slag to the reverberatory settling furnaces already 
described in Chap. viii. Elue-dust collection is referred to in Chapter xiii; 
matte concentration in Chapter x. 

At Murray J (Utah) there are eight blast furnaces, 48 by 164 inches, mth 
a 20-foot charge column and water jackets 6 feet high, with ten 4-inch Eilers 
tuyeres per side supplied with blast at 34 ozs. pressure. The large amount 
of sulphide ore received by this plant is mostly roasted in Bruckner cylinders, 

* Private Notes, 1902, and Min. Ind., vol. xiv., p. 398 (from Pufahl, Zeits. /. B. H. u. 
S. W. im Pr. Siaate, vol. jiii., p. 439). 

t Pufahl, Zoc. cit., p. 439 ; abstract in E. and M. J., May 12, 1906, p. 889. 
i Min. Ind., xiv., 397 ; and xv., 667. 
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the working of which is described in Chapter v. The charge is 8,000 lbs., 
including 30 per cent, of slag shells as at the EHers plant and, with a 
coke consumption of 12 per cent., a bullion fall of 13 to 14 per cent., and a 
matte fall of 10 per cent., the furnaces prior to the introduction of blast- 
roasting put through an an average 168 tons of charge per day apiece. Since 
the adoption of blast-roasting {v. Chap, vi.), the tonnage put through has 
been increased to 200 tons per furnace per day. The slag is handled by 
means of forehearths and large tapping pots, all the shells from which are 
saved; its average composition is Si 02 36 per cent., FeO 29*6, CaO 23, Zn3*8, 
AI 2 O 3 4 per cent., Pb 0*6 to 0*7 per cent., Ag 0*7 to 0*9 oz. per ton. The large 
quantity of first matte produced (with 15 per cent. Pb and 10 to 12 per cent. 
Cu) is roasted in 12 hand-rabbled reverberatories, 60 by 16 feet, each of which 
puts through 14 tons ore or 13 tons matte per twenty-four hours, roasting 
down to 3|- to 4 per cent. S with a coal consumption of 32 to 34 per cent. 
The roasted matte is concentrated as usual to a concentrated matte of 12 per 
cent. Pb and 45 per cent. Cu, as mentioned in Chapter x. The collection of 
flue-dust at this plant is referred to in Chapter xiii. 

At the Bingham * plant of the U.S. S. and E,. Co. there are six furnaces, 
45 by 160 inches, with ten 4-inch tuyeres per side, the only peculiarity of 
which is the elliptical wrought-iron shell surrounding the crucible. The 
charge column is only 13 feet in height, which, because of its open character, 
is found sufficient, and the furnaces put through an average of 170 tons per 
twenty-four hours each, equal to 3*4 tons per square foot of hearth area. 
The slag is handled by means of forehearths, followed by large Nesmith tap- 
hole pots, all the shells from which are saved and re-smelted. 

At the works of the Cherokee Lanyon Sm. Co. (Kansas) f residues from 
zinc distillation are smelted together with galena, iron ore, and limestone in a 
furnace 36 by 90 inches at tuyere line, with 10-inch side- and 6 -inch end-bosh, 
and five 3-inch tuyeres on each side. The charge column was at first only 
11 feet, and the saving of lead was poor, but by raising it to 14 feet the 
recovery was increased to over 90 per cent. 

The residues, after weathering and screening from coarse coke, contain 
10 per cent. Pb, 7*5 per cent. Zn, 38 per cent. Fe, 10 per cent. SiOs, 1 per 
cent. Cu, 10 ozs. Ag, and 0*03 oz. Au. They are mixed with galena, slag, 
limestone, and iron ore when necessary, in such proportions that the residue 
usually forms 35 per cent, and slag about 32 per cent, of the total charge, 
which is smelted with 13 per cent, of coke. Trouble is caused in the crucible 
through the high reduction resulting from the coke in the residues, while, 
when semi-anthracite is used in the distillation, the lead saving in the blast 
furnaces drops still lower, owing to hot top. The method of feeding is to 
spread most of the lead ore round the sides, sending the lead residues to the 
centre together with the lime flux, and the slag evenly all over. The furnace 
puts through 46 tons per day of a charge, the bullion fall of which is 9*1 per 
cent., and the matte fall 7*2 per cent. The slag produced runs SiOg 31*1 
per cent., FeO 37*5 per cent., MnO 1*5 per cent., CaO 14*1 per cent., ZnO 
10*0 per cent., Pb 0*77 per cent., Ag IJ oz. per ton; the matte contains 
Cu 3*0 per cent., Pb 7*8 per cent., Ag 21*6 ozs. per ton, and Au 0*06 oz. per 
ton; the bullion 87*5 ozs. Ag and 1*49 ozs. Au per ton. The total recovery 
of metals is Pb 92 per cent., Ag 90*8 per cent., Au 92*4 per cent. 

* Min, Ind., vol. xvi., p. 668. t l’^* 1906, p. 318. 
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MEXICO. 

Several of the large custom smelting plants in this country are equipped 
quite on the lines of the most modern plants in the United States, and many 
references have been already made in previous chapters to details of the 
practice at certain of these works,* particularly in regard to the methods 
of handling slag, matte, &c. 

Aguascalientes. — ^At this, the largest single-smelting plant in Mexico, 
some ores arc smelted upon a lead basis, but the majority by employing 
copper matte as a vehicle for collecting the precious metal contents. Some 
particulars of the lead smelting practice are given in Table XXXIII. There 
arc four side-feed lead furnaces, 42 by 128 inches, with cast-iron jackets 
having 16 tuyeres and an effective height of charge column of 17 feet, which, 
for the blast pressure of 40 ozs., is rather low, and consequently much trouble 
is experienced through hot top. Lead being comparatively scarce, a matte 
fall of not over 11 to 12 per cent, is allowed, and the bullion produced runs 
from 265 to 400 ozs. of silver, containing in addition about 0’2 per cent. Cu, 
0’4 to 0*5 per cent. As, and 0*7 to 0*8 per cent. Sb. The first matte produced 
runs from 9 to 15 per cent, copper, and instead of returning it to the lead 
furnaces, it is usually roasted and sent over to the copper furnaces, whence, 
however, the lead contents come back in the form of flue-dust. The matte, 
after crushing to 6-mesh, is roasted in long hand-rabbled reverberatories fired 
by Taylor gas-producers, as at Monterey, using a mixture of coke breeze and 
Laredo coal. Much flue-dust is made in the lead furnaces, and is collected 
in a long brick flue, 14 X 17 feet inside and 716 feet long, with a dust-chamber 
70 X 32 feet, the whole terminating in a brick chimney. The fllue-dust, 
instead of being bricked in a White press as is the roasted matte and flue- 
dust from the copper furnaces, is bricked by hand with clay (one-sixth by 
volume), and burned in kilns at a total inclusive cost of only Is. 9d. per ton 
of 1,000 kilos. Double separation is adopted for matte and slag by means 
of two forehearths in series, the lead bullion is taken by means of dumping 
pots to a central drossing plant, as described in Chapter x. 

Monterey, ISTo. 3,— At this plant there are eight side-feed furnaces with 
overhead downtake, measuring 44 by 144 inches, with two tiers of water 
jackets, the lower being of cast and the upper of wrought iron; 16 tuyeres 
supply blast at 2| to 3 lbs. pressure, and the capacity of each furnace is from 
135 to 170 tons of charge per twenty-four hours, the effective height of charge 
column being 16 feet 5 inches, and the coke consumption 12 per cent, on the 
charge', exclusive of slag. Table XXXIII. gives a good many particulars of 
the practice at these works, and other data have been already given in regard 
to roasting (Chap, v.), slag composition (Chap, vii.), separation of slag from 
matte (Chap. viiL), and handling of bullion (Chap. x.). 

San Luis Potosi.—At this plant there are ten furnaces, formerly top- 
feed, but modified to side-feed with overhead downtake. They measure 40 
inches by 140 inches at tuyeres, with an eflective height of 17 feet of charge 
column, and have cast-iron jackets with seven tuyeres a side. The practice 

* In 1902 the author made a tour of the Mexican plants for the purpose of writing 
detailed descriptions of them all, but his detailed notes were, unfortunately, lost or 
mislaid, and such information as is here given is chiefly from memory, supplemented by 
correspondence. See also Hahn, Trmis. vol. viii., p. 277. 
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at these works in regard to roasting (Chap, v.) and to matte and slag 
separation (Chap, viii.) has been described in detail. Lead and iron ore 
being scarce at this plant, and snlpkide ores abundant, roasting is an im- 
portant feature, the matte fall is high, and the concentration furnace is worked 
with an Orford overflow forehearth, campaigns in which last as much as three 
months. The concentrated matte is worked up to blister copper by methods 
described in the Metallurgy of Silver. The tonnage put through per furnace 
is about 75 tons of ore only, in addition to much limestone flux, roasted 
matte, and slag, the blast pressure being 40 ozs. The slag from the dump is 
put through a crusher, and removed by the E,y. Co. for use as ballast. 

Mapimi.—Here a plant of three large new furnaces, 40 inches by 140 
inches at tuyeres, has replaced one of six smaller and lower furnaces. The 
furnaces have cast-iron jackets with seven tuyeres a side and a brick super¬ 
structure with side-feed and overhead down comer. The ores treated in this 
plant are arsenical, and consequently a good deal of speiss is formed, 
the composition of which, and of the slag, have been given in Chap. x. 
Keference has also been made in Chap. viii. to the separation of slag and 
matte. The flue-dust made is highly arsenical (over 30 per cent, of AS2O3), 
but hitherto no use has been made of it, huge mounds of it being tipped in 
gullies near the smelter and covered with ashes and other refuse merely to 
get rid of it with a minimum of danger to man and beast. 

SOUTH AMERICA. 

At Casapalca (Peru), 14,000 feet above sea level and 2,000 feet above 
timber line, rich lead and silver ores were, until recently, smelted in water- 
jacket furnaces with imported Enghsh coke, costing $40 per ton. The ores 
consist of—(1) Lump galena with 45 per cent. Pb and 50 ozs. Ag per ton; 
(2) jig concentrates with 158 ozs. silver per ton; and (3) Vanner concen¬ 
trates with 209 ozs. silver per ton. All the concentrates contain 6 to 12 per 
cent, of lead and 3 to 5 per cent, copper. The ores, mixed in the proportion 
of two parts lump galena to one part concentrates, are charged in 1-ton 
charges into a single-hearth reverberatory for roasting and slagging. Each 
charge takes six hours to work, the fuel being 300 lbs. of soft coal (local, 
costing $16 per ton) and 250 lbs. of dried llaina dung. The slagged ore 
contains Pb 34*5 per cent., Cu 9*3 per cent., Ag 0*34 per cent., SiO^ 17*2 per 
cent., Ee203 22*5 per cent., CaO 6 per cent., S 6*5 per cent.—total, 96*34 
per cent. 

The slagged ore is broken into fist-sized pieces and smelted in a 36-inch 
round American water jacketed furnace. The average charge is 18,000 lbs. 
slagged ore, 500 lbs. of ancient slags with 45 per cent. Pb and 2 to 5 ozs. silver 
per ton, 300 to 500 lbs. of oxidised ores, 1,000 lbs. of bog iron ore, 1,500 lbs. of 
limestone, and 1,500 lbs. of foul slags with 8 to 12 per cent. Pb. The products 
are work-lead with 235 ozs. silver per ton, and copper matte with 27 to 50 
per cent. Cu, 7 to 61 per cent. Pb, and 38 to 150 ozs. silver per ton. The 
slags average SiOo 37 per cent., FeO 45*2 per cent., CaO 8*6 per cent., Pb 
3*4 per cent.; when not containing over 6 per cent, lead they are considered 
clean"" and are thrown away, as it would not pay to re-smelt them on 
account of the high cost of fuel. The coke consumption is 14 to 17 per cent, 
of the charge, which is small enough considering the very high altitude. 
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Lead having become comparatively scarce at Casapalca, the mixed sulphide 
ores, together with dry silver ores, are now smelted on a matte basis, as 
described in the Metallurgy of Silver. 

At Antofagasta (Chih) * the average ore mixture from the Pulacayo Mine 
before roasting contains SiOo 20 per cent., Fe 20 per cent., Zn 18 per cent., 
Pb 7 per cent., Cu 1 per cent., Sb 1 per cent., S 30 per cent., with some Sn 
and As, and it is smelted in water-jacketed furnaces with removable crucibles 
on wheels. The jackets are simple plates of cast iron with bent 1-inch 
wrought-iron pipes cast in for water circulation. 

Begulation of the water circulation is of less importance with this type of 
jacket than with the ordinary water jacket, since the pipes will, upon occasion, 
even stand being allowed to get red hot through temporary failure of the 
water supply without sensible damage, unless the burning has lasted too long, 
or has been repeated frequently. Less water is also required with these than 
with the ordinary type of jacket. The crucible consists of a cast-iron bottom 
plate, 2 inches thick, with a raised rim to hold in position the six cast-iron 
side-plates, which are bolted together, leaving a gap in the centre of each long 
side; it is lined at first with firebrick on edge, inside which a crust of anti- 
monial speiss soon forms and prevents further leakage. 

The charge-column is kept low, only about 8 feet above the tuyeres, and 
the blast pressure does not exceed 16 ozs. The lead produced is small in 
quantity and very impure, containing besides 75 per cent. Pb, Sb, Cu, Sn, and 
Zn in large amounts. With charges carrying 17 to 18 per cent, of Zn, these 
furnaces run for two or three months before the hangings become so large 
as to cause much overfire, and their removal by barring down is much facili¬ 
tated by the removable crucible, which can be let down, run out, and replaced 
by another when the furnace has been cleaned from its accretions. 

* S. and M. J., Sept. 2, 1899, p. 279. 
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BLAST-FURNACE LEAD SMELTING-COSTS AND LOSSES— 
ORE PURCHASING. 

Cost of Smelting. —The cost of smelting lead ores in the blast furnace 
varies within wide limits, the principal factors which afiect it being— 

1. The chemical composition of the predominating available ore supply, 
its richness in lead, the nature of the gangue, and the proportion of the whole 
which requires roasting before smelting. 

2. The cost of labour at the smelting centre. 

3. The cost of fuel and fluxes delivered at the works. 

4. The cost of refining locally, or of getting the product to a refining 
works at a distance. 

Taking the case of a so-called neutral"" or self-fluxing ore, in which 
the percentages of silica and of iron are equal, with sufficient lead (10 per 
cent.), and not over 4 or 5 per cent, of sulphur, so that it can be smelted 
without roasting, it is customary at the large smelting works in Colorado 
and Utah to reckon about $3.00 per ton as the bare cost of smelting upon a 
large scale. 

Labour. —The amount of labour required varies to some extent with the 
size of the furnace, but to a much greater extent with the general lay-out of 
the feed- and slag-floors, and with the nature of the arrangements adopted 
for handhng the charge and disposing of the slag. Formerly with hand 
charge-buggies and slag-pots a furnace of 42 by 140 inches at tuyeres would 
require per twenty-four hours, besides two foremen, above, three feeders, two 
weighmen, six to eight charge wheelers; below, two furnace-keepers, two 
slag-tappers, two helpers, and a variable number of slag pullers and labourers. 
Regular daily wages in Denver and Pueblo are:—^Foremen, 16s. 8d.; furnace- 
men, feeders, and enginemen, 11s. 6d. to 12s. 6d.; weighmen, 8s. 6d. to 9s. 6d.; 
charge wheelers, 7s. 6d.; labourers, 6s. 8d. Coke costs about £1 per ton, 
limestone, with 50 per cent, excess CaO, 6s. 3d. per ton ; iron ore, with 70 per 
cent, excess FeO, 20s. per ton; coal for boilers, 12s. 6d. per ton; slack, 
6s. 3d. per ton. 

At Bingham * (Utah) six large blast furnaces, 45 by 160 inches, smelting 
170 tons each per twenty-four hours, require per shift only the following 
force—^viz., on top, 18 men on the bedding floor, 3 men on the charging cars 
and feed-floor ; and below, 2 motor men and 10 matte and slag men, besides, 
for each furnace, 1 tapper, 1 helper, and 1 potman per shift. This works 
out at per furnace per shift 3| men on top and 5 men below, or 25J men per 
furnace per twenty-four hours, or by tonnage 6*6 short tons of charge smelted 
per man per twenty-four hours. 

* Min. Ind., vol. xvi., p. 668. 
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At Laurium * (Greece) the new large furnaces which put through from 
275 to 300 metric tons per day of a self-fluxing charge require only 36 men 
in all per twenty-four hours—namely, 8 above and 4 below on each 8-hour 
shift, which works out at 7*6 to 8*4 metric tons of charge smelted per man 
per twenty-four hours. Since labour is cheap, the total cost for labour and 
supervision does not exceed Is. 2Jd. per metric ton of material handled, 
which is, doubtless, the absolute high-water mark of cheapness in smelting. 

Hofman gives f following estimate of the daily cost of smelting in a 
single furnace, 42 by 140 inches, based upon Colorado data, and assuming 
the furnace to put through per twenty-four hours 100 tons of charge—^viz., 
80 tons of ore and 20 tons of flux. 


Materials — 

20 tons flux at an average of 8s. 4d. ($2.00), . 

15 tons coke ( = 15 % on charge) at 20s. lOd. ($5.00), 

5 tons coal at 12s. 6d. ($3.00),. 

Steel castings, oil, waste, and sundries. 


Pay Sheet — 

1 superintendent, at per man per 
1 assayer, and chemist 


2 foremen, 

2 feeders, 

2 weighers, 

8 charge wheelers, 

2 furnacemen, 

4 helpers and tappers, 

5 labourers, 

1 lead sampler, 

1 carter, with horse, 

2 engine-drivers, 

2 stokers, 

1 blacksmith, 


day, 41s. 8d. ($10.00), 
18s. 9d.( $4.50), . 
16s. 8d. ($4.00), . 
11s. 3d. ($2.70), . 
9s. Ud. $2.25), . 
7s. 6d. ($1.80), . 
11s. 3d. ($2.70), . 
7s. 6d. ($1.80), . 
6s. 8d. ($1.60), . 
8s. 4d. ($2.00), . 
11s. 54d. ($2.75), 
12s. 6d. ($3.00), . 
8s. 4d. ($2.00), . 
12s. 6d. ($3.00), . 


Add— 

Delays and repairs, 5 % on above, 1-1^0/ 
Unforeseen, 5 % „ J 


£ 

5 . 

d. 

8 

6 

8 

15 

12 

6 

3 

2 

6 

1 

5 

0 


2 

1 

8 

0 

18 

9 

1 

13 

4 

1 

2 

6 

0 

18 

9 

3 

0 

0 

1 

2 

6 

1 

10 

0 

1 

13 

4 

0 

8 

4 

0 

11 

54 

1 

5 

o“ 

0 

16 

8 

0 

12 

6 


£ s. d. 


28 6 8 


17 14 9J 


4 12 1| 


Cost of smelting 80 tons of ore (plus fluxes) ($243.26), . . . 50 13 7 


Cost of smelting 1 ton of ore ($3.04),.0 12 8 


At a few favoured localities, owing to cheaper labour and fuel, the total 
cost is lower than this ; while at others, where fuel is dearer, the cost is higher. 
It should be borne in mind, when statements are made as to exceptionally 
low costs, that frequently the ‘‘ cost of smelting is put down at the bare 
figures for labour, fuel, and fluxes alone, without any allowance for power 
required, for general expenses of management, or for repairs, interest, and 
depreciation. 

The above figures refer to the smelting of ores which require no roasting. 
The cost of roasting at Denver or Pueblo varies from $1 (4s. 2d.) in automatic 
furnaces up to from $1.50 to $2 (8s. 4d.) in the ordinary hand furnaces, but 
to these figures something must be added for re-treating flue-dust, and on 
account of the sulphur left in the ore which forms matte, and so adds to 

* Private communication, 1908. t Metallurgy of Lead, 1906, p. 407. 
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the expense of treatment. At least $2.50 (10s. 6d.) per ton should be reckoned 
as the extra cost of handling an ore that requires roasting. The total cost 
of treatment in the case of a neutral sulphide ore which requires roasting will 
thus be brought up to a total of $5.54 {23s. 2d.) at Colorado pices. 

Cost of Smelting in Mexico ,—^Hahn * gives the cost of smelting 183,000 tons 
of ore during the year 1896 at the No, 3 Smelter^ Monterey, as $6.86 Mexican 
currency, equivalent at 24d. to the dollar to 13s. 9d. per ton of 2,000 lbs., 
or 15s. 4d. per ton of 2,240 lbs., made up as follows :—Coke $2.50 (5s.), coal, 
wood, and charcoal $0.36 • (8^d.), limestone flux $0.05 (Id.), labour $1.28 
(2s. 6d.), repairs, tools, and supplies $0.59 (Is. 3i), taxes $1.08 (2s- Id.), 
general expenses, agency, insurance, &c., $1.00 (2s.). 

The same author gives the cost of smelting at Aguascalientes as $8.55 
(17s. Id.) per ton of 2,000 lbs., of which, however, no less than $2.61 (5s. 6d.) 
was for government taxes of various descriptions, including export tax. 


TABLE XXXIV. 



Globe, 

Denver, 

1893. 

Sm. No. 3, 
Monterey, 
Mexico, 
1896. 

Agiias- 

calientes, 

1890. 

Denver, 

Pueblo, 

1906. 

Fre¬ 

mantle, 

W.A., 

1904. 

Works 

“A," 

1908. 

Reference, 

1 

2 

3 

4 

5 

6 

Wt. of “ ton ” to which data 







refer,. 

2000 tbs. 

2000 tbs. 

2000 lbs. 

2000 lbs. 

2240 lbs. 

1000 ks. 


4. d. 

s. d. 

5. d. 

s. d. 

s. d. 

s. d. 

General labour and super- 




\ [ 



vision,. 

1 




1 3) 


Furnace labour. 


2 6 



5 6( 


Assaying, sampling, weighing, 

I 



Ve ii<^ 


l 2*4:0 

&c.,. 

J 




2 2’ 


Power charges. 

0 2i 

0 84 



1 0 

0 7*68 

Fluxes (chiefly limestone), . 

0 lU 

0 r 


/ V 

8 4 


Coke (and other furnace fuel). 

5 8“ 

5 0 


3 6 

13 11 

6 ’6*70 

Handling slag. 





{ 

0 2*86 

Electric lighting, . 

General maintenance, repairs, 

il 2J 

1 3 


0 8 

0 4 ) 

0 0*96 

and sundry materials. 





( 

0 4*80 


12 10 

9 6J 

12 4J 

11 1 

32 6 

8 1*42 

General expenses, export and 







other taxes. 

0 10 

4 2 

5 5i 



2 4*80 

Interest on capital, 

0 6 

•* 






14 2 

13 8J 

1 

17 10 



10 6*22 


References. —1. lies, E. and M. J., Sept. 16, 1899. 2. Hahn, Trans. 1900. 

vol. viii., p. 277. 3. Ihid. 4. Ingalls, Trans. A.I.M.E., 1906, vol. xxxvii., p. 635, 
5. Private communication, L. Pitblado. 6. Private communication. 


At both of these works the coke is imported from the United States 
(native coke being of poor quality) and costs from $12.60 to $14.00 (25s. 3d. 
to 28s.) per ton of 2,000 lbs., while, although American foremen are required, 
the bulk of the labour is native, and exceedingly cheap, the wages paid 
* Trans. I.M.M., vol. viii., p. 277. 
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ranging from 37 centimes (9d.) up to $1.75 (3s.) per day for the more 
important positions. 

Smelting works arc always chary about publishing their working costs, 
and, therefore, it is not possible to give here detailed figures referring to the 
most modern practice at large and well-equipped custom smelting works like 
those of the American Smelting and Refining Coy. The preceding Table 
XXXIV., however, gives a few actual figures of cost which, while they con¬ 
firm in general the above figure of 12s. 8d., quoted as being an average under 
Colorado conditions, show at the same time how the costs are affected by 
varying prices of labour and of fuel and fluxes. 

In an interesting recent article Ingalls * discusses the cost of smelting 
under the conditions prevailing to-day at the great custom plants in Colorado 
and Utah. The average c.ost of smelting per ton of charge smelted in nine 
great works is given as $3,607. 

About 80 per cent, of the charge being ore, this works out at about $4.50 
per ton of ore smelted. These figures are checked in another way, the roasting 
cost being estimated at $2 per ton, and it being estimated that for each ton 
of charge smelted about 0*4 ton retjuires roasting. We have then—- 


Furnacecost per Lon of charge— 

Labour, power, and aupplies,.$L6(> 

Coke,.0.84 

AdminiHtraLion,.O.KJ 

-- $ 2.66 


Ore being 80 per cunil. of charge, equals per ton or(\ . . . $3.38 
Per ton charges snadted about 0*4 Lon roastcKl; 0*4 tons at. $2, . 0.80 


P(W Lon of ore hamiled,.$4.12 


whi(di fairly confirms the former figurti of $1.50 derived from the published 
reports of the America,n Smelting and Rcdining Ck>., which figure, however, 
it will b(>i understood merefiy represents the ba,re operating cost. fiV) it must 
be added the following ii(uns 

InLoresL and amortisation. Th(^ eosL of works for Lreaiing I,()i00 
ions of ore per day may be taken at al)ouL $J,000,00() = $3 
per Lon pen' annum. At. 10 per (uinL. amorLisaLion and (> pen* 

(umL. int(n’(‘HL, this amounts to pen' Lon e)f om Lrenitenl, . . $0.48 

InLere'sL em sLex'-ks of e)r(;. AbejuL e>ne'. month’s supply is kept on 
hanei, say 30,t)00 Lons, at an aven'agei value) of, say, $30 pen* 

Lon. At. 0 pew euniL. Lhe^ tonnages charge) for inLe)re)Ht amounts 

to . o.ir> 

Anel interest on fjroeluct during thei time) taken for re)aliHatie>n, 

say one month, is.O-lf) 

Add the cost per ton e)f ore handle)d taken from the average 

published iigureis,.4.50 

Total smedting cost,.$5.28 


Losses.—Tht‘, losses in smelting are—(1) In slag thrown away; (2) in 
flue-dust and fume inc.ompletely r<‘.covered; (3) in bye-products, matte, 
speisB, fliKj-dust, &c., which suffer further treatment losses before they can 
be brought into a marketable (jondition. 

*“ Min, Ind,, vol. xvii., pp. 008-G17. 


21 








322 


THE METALLURGY OF LEAD. 


Wken producing a lead bullion of about 300 ozs. Ag per ton, perfectly 
clean well-proportioned slags will run as low as f per cent, lead by dry assay 
and J oz. silver to tbe ton; the general average, however, in good work is 
probably not much under 1 per cent, lead and f oz. silver, while carelessness 
in making up the charges or neglect on the part of the furnace foreman may 
easily result in the production of slags which separate imperfectly from matte 
and contain 2 per cent, lead and ozs. of silver; especially if the ore be 
somewhat rich in lead, and the furnace one of the old type with compara¬ 
tively low column of charge and pressure of blast. 

With a smaller production of bullion running up to 400 ozs. to the ton 
the loss in slag is proportionately greater, and may average in good work 
from 1 per cent, or more of lead and IJ to 1J ozs. of silver per ton. 

In some cases, where fuel and flux are dear (as, for example, at Broken 
Hill, N.S.W.), or where the ore charge is rich in zinc, it may even be better 
policy to throw away slags containing 3 or 4 per cent, lead rather than to 
attempt to clean them by a further expensive consumption of fuel, and the 
addition of barren fluxes, with the attendant reduction of furnace capacity 
to which these give rise. The average percentage loss of silver and lead in 
slags on a charge containing 10 per cent, lead and 30 ozs. silver may bo 
reckoned at not much less than 10 per cent, of the lead and 2 per cent, of 
the silver as calculated by the results of the commercial uncorrected dry 
assays, which are, as has been shown, far below the truth. 

With regard to slag losses, it is desirable to bear in mind that losses which 
woidd be intolerable at Swansea, at Freiberg, or at Denver, may actually 
indicate the best possible practice in remote parts of Mexico or South America. 
The object of the metallurgist should be to make the largest possible profit 
per ton of ore treated, and if it is more profitable to produce a slag with 5 per 
cent, lead and 4 ozs. silver per ton than to flux the charge in such a way as 
to make a cleaner slag, as is the case to-day in parts of Central and South 
America, then the foul slag is the proper slag to make. The object of metal- 
lurgy being to make money, the best metallurgical practice is not that which 
shows the most scientific perfection, but that which makes the most profit. 

Slag Losses.—We have seen (Chap, x.) that slag losses depend on the 
following factors :— 

1. The composition of the slag. 

2. The bullion-fall. 

3. The matte-fall. 

4. Proper separation of the matte. 

5. The richness or poverty of the lead. 

We have also seen that the losses of lead and silver in slag may range, 
even in good work with correctly compounded slags, from J per cent. Pb 
and J oz. Ag with a yield of work-lead of 14 per cent, or over and a bullion 
of about 200 ozs. silver, up to IJ per cent. Pb and IJ ozs. Ag, when the yield 
of work-lead is only 10 or 11 per cent., and its silver contents run up to 400 ozs. 
to the ton. 

Generally speaking, silver and lead losses are more or less concurrent, 
inasmuch as it is impossible to lose a large amount of lead in the slag without 
at the same time losing silver, but the losses of the two metals do not run 
entirely on parallel lines, nor are they afiected equally by the same factors. 
It will be best, therefore, to consider the loss of each metal separately. 
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Loss of Lead in Blast-furnace Slags ,—The lead contents of slag may vary, 
as has been seen, from about J per cent., or even less in exceptional cases 
of favourable composition, high matte fall, and good separation, up to 2| or 
3 per cent, with viscous siliceous-aluminous slags, low matte fall, and poor 
separation of a light zincy matte with little or no copper. It does not 
increase with increased bullion fall, but rather decreases, and for all ordinary 
conditions of custom smelting on a lead basis may be reckoned at an average 
of from 1 to 1*2 per cent. 

The loss of lead is partly chemical and partly mechanical, and is largely 
dependent upon the chemical composition of the slag. Thus, comparing the 
slags numbered 19 and 21 in Table XVII., the former contains an average of 
barely 1 per cent. Pb, whereas the latter averaged 1| per cent., and often 
in practice runs up to 2 per cent. Pb. Taking into account that both slags 
are accompanied by a bullion fall of about 12 per cent., and that both charges 
are low in sulphur (the matte fall being in the one case 2 per cent, of a matte 
with 15 per cent. Cu, and in the other 4^ per cent, of a leady and zincy matte 
almost free from Cu), it is clear that most of the excess lead in the second 
slag is in the combined form, although it is true that the greater viscosity 
of the aluminous slag (No. 21) renders necessary much better settling 
facilities in order to approach the same freedom from shots. As the 
bullion fall decreases, this aluminous slag becomes more and more leady, 
thus with a bullion fall of only 7 per cent, the slag produced contained 
no less than 2| per cent. Pb, chiefly, no doubt, in the form of 
silicate. 

Other things being equal, the farther a slag departs from the monosilicate 
type the greater the tendency for lead to be found in it combined as silicate. 
The Broken Hill slags of former days, which were very similar in composition 
to No. 21, ran even higher in lead (average 3 per cent.), but for this, besides 
the high silica, the low matte fall, and the absence of copper, there was an 
additional reason in the presence of nearly 2 per cent, of alkalies, which 
always increase the tendency of lead to become combined in slag, partly, no 
doubt, because of the lowering of the formation temperature of the slag to 
which they give rise. 

Increasing the lime in slags always decreases the loss of lead, doubtless 
because of the increased formation temperature and decreased specific gravity, 
the former of which tends to improve reduction, while the latter improves 
separation. 

Supposing, however, the slag to be correctly proportioned so as to have 
a not too low formation temperature, and to be quite fluid when molten, then 
the loss of lead in the slag is almost entirely a matter of reduction; cutting 
down the fuel will always increase the loss, while raising the percentage of 
fuel will reduce it. 

The loss of silver in hlast-furnace slags is entirely mechanical, and is due 
almost entirely to minute particles of matte and of bullion carried in suspen¬ 
sion owing to imperfect settling. It is, therefore, dependent rather upon the 
degree of fluidity possessed by the slag, and upon the bullion and matte fall, 
than upon the exact composition of the slag. The actual loss varies, 
even with correctly proportioned slags, from f oz. up to I J ozs. per ton, and 
may be much higher when the percentages of alumina and of zinc are high. 
Granting that the loss is in the form of suspended globules or particles, it is 



324 


THE METALLUKGY OF LEAD. 


evident that it will be increased by all those causes which affect the separation 
of matte from slag, namely :— 

1. By increased viscosity of slag, from whatever cause arising. 

2. By increased specific gravity of slag, due to excessive iron, baryta, or 
zinc contents. 

3. By decreased specific gravity of matte, due to zinc, in cases when a 
good deal of zinc sulphide exists in the ore charge. 

Seeing, moreover, that the silver contents of ordinary lead mattes are 
directly proportional to the combined percentages of lead and copper, each 
of which brings in silver in the proportion in which that metal is contained 
in the lead bullion produced, it will be obvious that the silver contents of 
the slag must also be in some degree proportional to the silver contents of 
the bullion, and directly proportional to the lead contents of the matte. 
Imperfect reduction of lead, therefore, followed by a rise in the lead contents 
of the matte, is at once refiected in the silver assay of the slag. 

The loss of silver in slag must also depend to some extent upon the mode 
of combination of the silver in the original ore charge, for it will be readily 
understood that the loss must be higher when a large part of the silver con¬ 
tents of the ore exists as chloride, sulphide, or other high-grade silver mineral 
in siliceous or other ‘‘ dry"" ore free from lead, disseminated, therefore, in 
excessively minute particles, which have to be collected or dissolved by means 
of globules of lead reduced from lead carbonate or roasted galena ore, 
forming a separate item in the ore charge, than when most of the silver in the 
charge is already combined with lead as argentiferous galena, tetrahedrite, or 
other sulphide mineral. In all cases where rich dry"" silver ores form an 
important part of the charge, it is found that the slags show a tendency to 
run up in silver contents irregularly, more particularly when the matte fall 
is low; and it is probable that in such cases, besides the ordinary and more 
or less uniform loss in particles of matte which are carried in suspension by 
the slag and escape settling, there is a small variable loss in particles of metallic 
silver or of rich sulphide carried in suspension in the slag, which have escaped 
collection in the work-lead and matte. 

Slag produced concurrently with a high matte fall is not likely coeteru 
'paribus to be more free from silver than a slag of the same composition accom¬ 
panying a low matte fall, except in so far as a low matte fall has a less poten¬ 
tial capacity for collecting minute shots of precious metal or of lead suspended 
in the slag, and that the “ mass-effect"" of a large matte fall may perhaps, 
assist to some extent the segregation and coalescence of shots and their 
separation from the slag. 

The composition of the matte, too, apart from the percentages of lead 
and zinc in it, has a notable effect on the silver contents of the slag, for it 
has been observed that when normally producing mattes low in copper, the 
addition of a little oxidised copper ore to the ore charge has an immediate 
effect in lowering the silver assay of the slag. This can hardly be accounted 
for by any fractional increase in the specific gravity of the matte; it may, 
however, perhaps be due to the greater specific affinity for silver sulphide 
possessed by CuoS as compared with PbS.* 

* As indicated by tbe perfection of tbe solid solutions wMch Ag,S and CuoS form 
with each other in all proportions, see the papers by Friedrich and Fulton and Goodner, 
already quoted in Chapter x. in the remarks on lead mattes. 
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The loss of silver in slag appears to be increased by the predominance 
of lime as a slag base, in spite of the fact that an increase in lime decreases 
the specific gravity of a slag, and so improves the separation of matte, 
while, conversely, the silver loss is diminished by the substitution of iron for 
lime.* No satisfactory explanation is at present forthcoming to account 
for this, but it has been already noted that excess of lime tends to increase 
the volatilisation of silver in blast-roasting. 

Before considering the loss of gold, it will be well to refer to the following 
Table XXXV., which gives a few data bearing upon losses of both silver and 
gold in slags. It will be noticed that, in addition to tlu‘, silver and gold assays 
of the mattes, the precious metal contents of these have been calculated 
back on to their lead and copper contents taken together, and tha,t the ratio 
between the silver cont(mts of the work-lead and that of tlu^ combined lead 
and copper contents of the matte varies only b(‘.tw(um the (comparatively 
narrow limits of 1 : 0*6 and 1 : T55, in spite of V(vry wide variations in the 
bullion fall and matte fall, and of tluc fact that the (cxtrtcme Figures refer to 
cases where the bullion is of low grade and the matte poor in copper. Taking 
columns 3, 5, 6, and 8 of the table, which refer to wluit may he considered 
the normal condition of affairs in enstom smelting, with a bullion fall of 
8| to 12 p{w cent, of work-lead carrying 90 to 2()() ozs. arid a matte carrying 
from 4 to 15 per cent, of copper, it will b(‘. seen that the variation in the ratio 
referred to is only from 1 : 0*86 up to 1: 1*11, in spite of c.onsiderablc varia¬ 
tions in the bullion and matte fall. This confirms what has been stated 
already—namely, that the a (Unity of metallic h^ad for silver is no gn5at('r 
than that of CuoS, or of a mixture of Gu.,S and PbS; and that, so far as (‘.an 
be seen, both of these sulj)hides, and more particularly the former, carry into 
the matte as much silve.r as is contained in the work-h^.ad itself. 

The gold contents of the matte, on the otlun* hand, bc'-ar no distinguishabl(‘. 
relation to the gold cont(ints of the bullion produc.ed at th(‘. sann^. time, for 
the ratio between the gold assay of th(‘, bullion and the gold assay of the matte 
calculated back upon its lead and copper conttmts taken tog(‘.ther varies 
between 1 : 3*7 and 1 : 28*6. This scu^ms to indicate that so far from tlu^ 
affinity for gold of lead and (;o])p(u* sulphides being at all c.omparable with 
that of the me.tals themsedves, as is th(‘. case with silviu*, it is very much hm. 
The efficiency of matte, thcKvfore, as a vehkde or mt'.dium for concentrating 
gold is, compared with h‘ad bullion, much low(‘.r than its (‘.fficienc.y for 
concentrating silver. 

It is difficult to draw any inferenc.(‘. from reporttul shig a-ssays, bec.ause so 
much depemds upon tlu'. d('.gree of settling which the slags hav(i umhrgone, 
but, taking the figures given in the tabh^, it will b(^ seem that thc^ silv(n: con- 
tents of slag vary somewhat approximatedy with the silver (iontimts of the 
bullion and of the matte produced at th(‘. sam(‘. time; tiu^ ratio varying in 
the case of the bullion from 1 : 65 tip to 1 : 317, or, hmving out the lowest 


* According to a communication from L. Pitblado to th(^ author, (^xp(U’imontH made at 
the Fremantle Smelting Works showed that a high pcutuuitagc^ of limts in th(i slag actually 
increased the gold as wcdl as the silvtT 1 ohh(^s. Tlu^ author is unable to aocu^pt this rc'suli 
as of general application, and is inclimul to think that it (tan otdy he true in cases whetre 
lime has been added in excess of the combining powcu* of the silkta, ho as to form spimd 
in the slag, which would increase its viscosity, and so pr(tvent the settling out and coalescing 
of minute suspended particles. 
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figure, obtained when working with slags rich in zinc and consequently 
difiGlcult to separate perfectly from matte, from 1: 120 up to 1 : 317. 

It would appear that the gold contents of slags also bear a somewhat 
close relation to the gold contents of the bullion produced, for, in spite of 
the circumstance that the gold assays of the bullion produced vary from 
1*67 ozs. all the way up to 30 ozs. per ton, the extreme variations in the 
ratio between slag and bullion assays for gold arc only from 1 : 625 to 1 : 1770. 
The high slag assays for gold shown in the table are from the Australian works 
producing from ores rich in gold a bullion low in silver by the use of Broken 
Hill concentrates as lead-bcaring material; it will be remembered that, 
as already pointed out, the works in question make slags which are not only 
from this cause high in zinc, but arc also, from the nature of the ores treated, 
high in alumina also, and this means that they are pasty and do not allow 
of ready separation of matte, more especially as the latter is inclined to be 
zincy. It seems, therefore, probable that, with well-proportioned slags, the 
gold loss does not increase at all proportionately to increased gold contents 
of the bullion. This view is confirmed by Dr. A. Eilers,* who has kindly 
supplied the figures given in the first two columns of Table XXXV., each of 
which represents the average of many months" work at one of the large 
plants of the Am. Sm. and Ref. Co., and, in addition, quotes a case in which, 
during a period of six days, rich gold orc'.s wen^. treatc'.d in a sc^parate furnace 
with appropriate admixture of other ores, and yi<‘lded a bullion containing 
20 ozs. gold per ton with a slag containing only 0*01 oz. per ton, or a ratio 
of 1 : 2,000. 

Beyond this point, however, the gold loss in slags appears to increase 
proportionately to the gold contents of the bullion, and even som(‘what more 
rapidly. The following figures have b(’‘,en supplied from th<*. nvsults of smelting 
rich West Australian gold ores at Dapto by Mr. E. A. Wcunberg."]* 


TABLE XXXVL-— Showing Gold Losses in Slag with Various 
Grades of Rich Bitllion, 


Bullion. 

Gold Assay per Ton. 

Sla^?. 

Gold Assay per Tou. 

?e,re<uit!iKt> L(»hh of Gold 
iu Sla}.(, cahnilnttal 
on Basis of Slapf 'roniiUKe 
Made. 

Ratio. 

Slufjf Assay: 
Bullion Assay. 

5 OZH, 

0*003 

«-42 % 

J 

1666 

10 OZB. 

0*005 

()-:ir> % 

1 

2000 

10-20 ozs. 

0*005 - ()*0l 

% 

1 

20001 

20-30 OZH. 

0*01 -0*02 

()•:{.'> - ()-4(i % 

1 

1666 

30-40 ozs. 

0*02 -0*03 

()-4<! - ()-54 % 

1 

1400 

40-50 OZH. 

0*03 - 0*04 

()-54 - 0-ry(\ % 

1 

1285 

60-60 OZH, 

0*04 -0*05 

()•.'")(; - 0-58 % 

1 

1222 

60-70 ozs. 

0*05 -()*()6 

0 -r >8 - ()■(!(» % 

1 

1182 

70-80 OZB. 

0*06 -0*07 

0-(U) - % 

1 

1154 


* In private communication to th(5 writtu', dated July, 1904. 

t Mr. Weinberg remarks The gold contentH of thc‘. bullion wore kepi wh(ui ])OHHible 
at about 30 ozs. per ton, but some days, under exceptional pressure aud scarcity of lead, 
the bullion was run up to 60 and 80 ozs. per ton.” 
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Whenever the slags contained above 0*025 oz. per ton, they were saved 
for re-smelting. It is remarkable that throughout the whole period during 
which this rich bullion was being produced the matte produced rarely carried 
more than 0*25 oz. per ton, the matte fall being kept at an average of about 
12 per cent, on the charge. 

These figures confirm the opinion long held by most metallurgists * who 
have considered the matter—^namely, that gold in slags exists chiefly, if not 
exclusively, in the form of excessively minute metallic particles which have 
not come into contact with the globules of lead reduced in the furnace, and 
so have not been collected, while their minuteness precludes all possibility 
of their settling out independently. In connection with this matter, it may 
be well to remark that collection of these minute particles is eflected far 
more perfectly in the blast furnace than in the process of assaying (as might 
indeed be expected), since slags produced in assaying such rich ores, whether 
in the crucible or by scorification, however carefully the assay may be per¬ 
formed, are many times richer in gold than the slags produced in the blast 
furnace. It is partly for this reason that most smelting works are able to 
show an overplus of gold as compared with the quantity paid for. 

Losses in Fume.—The losses in uncondensed fume are doubtless much 
greater than is generally supposed, owing to the fact (referred to at greater 
length in the chapter on “Assaying and Analytical Methods'") that the 
ordinary dry assay for lead and silver give results which are below the truth. 
In the case of ordinary mixtures of ores averaging, say, 30 ozs., the com¬ 
mercial uncorrected assay for silver is low to the extent, on the average, of 

5 or 6 per cent, of the total; while the dry assay for lead on an ore mixture 
containing 12 per cent, of that metal is low by probably 7 to 10 per cent, 
of the total present. The real loss in uncondensed flue-dust is, therefore, 
greater than it is usually reckoned to be. 

The loss of lead in fume is extremely variable, and depends upon a number 
ofi factors ; anything which gives rise to over-fire naturally increases the loss 
of lead in fume. Generally speaking, it may be said that the quicker the rate 
of smelting the less the fume loss. 

The loss of silver in fume is always comparatively low, but is increased by 
the occurrence of chlorides in the charge, whether existing as silver chloride or 
as chlorides of base metals. Generally, however, it may be said that the loss 
of silver in true fume is quite low and almost constant—^that is, it does not vary 
directly with the assay value of the ore charge; the loss in dust, however, is, of 
course, proportionate to the original silver contents of the fine ores blown over. 

Becovery of Metals, Lead and Silver ,—^It will be readily understood 
that for a given set of conditions the loss of lead per ton of ore will be very 
nearly constant, so that the percentage recovered varies principally with the 
average lead contents of the charge smelted. 

According to Hofman,f the total apparent loss of lead in good work is 

6 to 7 per cent., though it not uncommonly reaches twice this amount (corre¬ 
sponding with real total losses of 14 and 21 per cent, respectively). As regards 
the total apparent loss of silver, Hofman says it “ rarely reaches 5 per cent.," 

* Dr. Ellers, in tlie private communication above referred to, says :—“ I bave come 
to the conclusion that the gold contents of the slag is entirely owing to the exceedingly 
small flakes of metallic gold or teHurides which could not settle through the slag.” 

t Metallurgy of Lead, 1906, p. 407. 
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which, would indeed be quite an outside figure. That the real loss of silver 
is, however, much greater than that shown by assay, is proved by the fact 
that at some establishments the silver produced is more than that shown by 
the assays which have served as a basis for purchase. This, however, does 
not so much indicate perfection in the smelting as imperfection or bias in the 
assaying. Such gains, in fact, are always due, as pointed out by Hahn,* 
rather to commercial than to technical skill."" 

As regards the loss of lead in uncondensed fume, which is so much greater 
than the corresponding loss of silver, a large proportion could be saved by 
filtering appliances, but in many places it would hardly pay to use them. 

Some data with regard to the proportions of the total precious metal 
contents of the charge which find their way into each of the furnace products 
are given in Table XXXV., and the following Table XXXVII. gives similar 
data from two European works for comparison with more modern practice 
in America:— 

TABLE XXXVII.— ^Apparent Percentage Yield of Silver and Lead. 



Pontgibaiicl, 

1874. 

1. 

Claiisthal, 

1887. 

2. 

El Paso, 

1892. 

3. 

Average Good Work, 
American and 
Australian Works, 
1897-1908. 

4. 

Lead. 

Silver. 

Lead. 

Silver. 

Lead. 

Silver. 

Lead. 

Silver. 

Grade of ore treated, . 

40% 

96 ozs. 

50% 

23 ozs. 

13% 

40 ozs. 

11-14% 

20-30 oz. 

Percentage yield;— 









In work-lead, . 

80*04 

102*28 



L Q7 .O 

QA.Q 



In fonl slag, 

2*04 

0*66 

80*92 

87*01 

J- Oi 23 




In flue-dust, 

3*67 

0*56 



5*0 

2*6 


., 

In matte, . 



10*14 

13*22 

3*8 

7*5 



Total yield, . 

85*75 

103*5 

91*06 

100*23 

90*0 

97*0 

90-95% 

97-98% 

Loss or gain on com¬ 

— 

4- 

_ 

4- 


— 

— 

— 

mercial assays, . 

14*25 

3*5 

8*94 

0*23 

10*0 

3*0 

5-10% 

2- 3% 


References. —1. Phillips, Elements of Metallurgy, 1874, p. 563. 2. Schnabel, Hand- 

hucli der MetallhUttenhunde, vol. i., p. 407. 3 and 4. Private notes. 


Keen competition among smelters in America has led to greater care in 
assaying, American assayers commonly cupelling at a lower temperature 
than their confreres in Europe connected with smelting plants, with the object 
of partially compensating for the cupel loss, and so getting a nearer approxi¬ 
mation to the truth. It is to this cause that the apparently higher loss of 
silver in American works should undoubtedly be attributed. 

Even the apparent recovery of 98 per cent, of the silver shown by well- 
managed modern plants is much in excess of the figure which would be shown 
if every assay were corrected for slag and cupel losses, probably in that case 
the recovery shown would not be above 95 per cent, at the outside. 

Recovery of Gold .—The recovery of gold, as shown by the books, charging 
up only the amount paid for (ores carrying less than yV iiis 
being considered) may range between 98 and 107 per cent, of the amount 

* Trans. I.M.M., vol. viii., p. 278. 
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skowH by commercial assays. The lower figure is only shown in the case of 
Australian works treating high-grade telluride ores, with nothing but Broken 
Hill concentrates as lead-bearing material, and insufficient arrangements for 
fiue-dust condensation. In all ordinary cases of custom smelting producing 
bullion of moderate grade the recovery of gold, according to the most reliable 
data accessible to the author, varies from 101 per cent, up to 107 per cent, 
of the amounts shown by the commercial assay, and will average perhaps 
102 to 103 per cent. 

The surplus in gold is partly to be accounted for by the recovery of that 
metal from ores in which it existed in quantities too small to be paid for, and 
also from iron fluxes which frequently contain traces of the metal. Most of 
the surplus, however, is derived from the fact that the furnace work is more 
perfect than the assaying, the loss in furnace slags being as was stated above, 
less than in those produced by the assayer. 

The recovery of lead has been much improved since as a result of the 
adoption of higher furnaces and higher blast pressures, the time during which 
lead is exposed to the heat of the smelting zone has been much lessened; 
while concurrently the higher smelting column exerts an important influence 
in re-condensing lead volatilised in the smelting zone, and in capturing and 
filtering out great part of the fine particles which, with a lower smelting 
column, are often blown away as dust. With a good bullion fall of, say, 14 or 
15 per cent, and allowing for recovery of lead from matte and fiue-dust, it is 
quite possible to recover 95 per cent, of the value of lead in the charge 
as shown by dry assay, even without a bag-house; with a bag-house 
this percentage recovery can be exceeded with even a lower bullion fall. 
In these figures, however, no account would be taken of small quantities of 
lead contained in some of the ores smelted, and not paid for, which would 
make the furnace work appear more perfect than it is in reality. 

Smelting Charges.—The cost of smelting any given ore is largely in¬ 
fluenced by its chemical composition, and is based upon the cost of smelting 
a self-fluxing ore which needs no roasting, and contains no objectionable 
ingredients in quantities greater than certain arbitrarily fixed limits, varying 
with each locality, and indeed from time to time in the same locality. 
A so-called “ neutralore is always one in which the insoluble residue does 
not exceed the percentages of Fe and Mn (not their oxides) added together, 
but, in addition, the percentages of Zn, S, As, Ba, and other objectionable 
ingredients must not exceed the limits fixed (say, 8, 5, 1, and 10 per cent, 
respectively). Beyond these limits special charges are made; for instance, 
under Colorado conditions the following amounts are often chargedfand 
credited:— 


Debit. Credit. 

Cents. Cents. 

Silica (insoluble), for each unit in excess of iron, . . 10 

Iron and manganese, each in excess of insoluble, ... 10 

Lime, per unit,... 6 to 10 

Magnesia and baryta, when under 10 per cent., ... as lime 

Zinc, per unit in excess of 10 per cent., ... 50 

Barium sulphate, in excess of 10 per cent.,... 5 

Sulphur, per unit, in excess of 5 per cent., unless a 

charge of $2 be made for roasting, ... 15 

Arsenic, per unit,.variable 

Lead deficiency below 10 per cent, in the case of dry 

ores,.10 
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Two examples may be quoted of tke manner in wbicb tbe treatment 
charge is ascertained in accordance with the above scale of charges. 

Dry Ore —^Analysis—Silica 50 per cent., Fe 9 per cent., CaO 10 per cent., 
BaO 6 per cent., Zn 5 per cent., Pb 4 per cent. 


Debit. Credit. 

Dollars. Dollars. 

Silica, 50 - 9 = 41 units excess, at 10 cents. . . 4.10 

16 . 1-60 

Zinc, no cLarge,. 

Normal smelting charge,.3,00 

Lead, “ fluxing ” 10—4 = 6 units at 10 cents, . . 0.60 

Nett bare cost of smelting,. 6.10 


7.70 7.70 


Sulphide Lead Ores .—SiOo 20 per cent., Fe 32 per cent., Pb 15 per cent., 
Zn 15 per cent. 

Debit. Credit. 

Dollars. Dollars. 


Iron excess, 32—20 = 12 units at 10 cents, ... .. 1.20 

Zinc excess, 15—10 = 5 units at 50 cents, . . . 2.50 

Roasting charge,.2.00 

Normal smelting charge,.3.00 

Nett bare cost of treatment,... 6.30 


7.50 7.50 


To the above figures which represent the nett bare cost to the works 
must, of course, be added whatever profit the smelter wishes to make from 
each individual ore, and this again depends upon its desirability for his pur¬ 
pose, abundance or scarcity, &c., also upon its richness in silver, since the 
richer the ore the greater the interest on the capital locked up until its metallic 
contents can be realised, say, on the average, a month or more. Lead ores 
being usually scarcer than dry "" ores, the treatment charge on them is 
placed as low as possible; often, in fact, they are treated at bare cost with 
no margin for profit, while the margin on the dry ores is correspondingly 
increased. 

Some ores in special demand are purchased by the smelting works on 
terms much more favourable to the producer. Thus, the gold bearing pyrites 
concentrates of Gilpin County, Colorado, containing under 10 per cent. SiO.,, 
were for a long time eagerly purchased by Denver smelters at a smelting rate 
of $2.25 per ton, which barely covered the cost of roasting, full value being 
paid for the gold and silver contents. 

Purchasing Ores.—The usual prices prevailing in Western America 
vary from time to time, but are somewhat as follows:— 

Gold .—^Pay for 95 per cent, of the full Mint value, $20.67 per oz.; or, what 
amounts to nearly the same thing, pay at the rate of $19.50 per oz. for all 
the gold contents, provided not less than 

Silver .—Pay for 95 per cent, of New York quotation on day of settlement. 
Copper .—^Pay for all in excess of 2 per cent, by dry assay at about one- 
half of its gross value, often at $1 per unit. 
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Lead ,—The assumed standard for purchasing lead is a New York price of 
4 cents per lb., or $4 per 100 lbs. At this price the gross value of each unit 
is 80 cents, from which has to be deducted the loss in treatment (at least 
10 per cent, of the lead), also the freight to Eastern markets, and the refining 
charges. In practice, for 50 per cent, lead ores the standard fixed at the 
basal New York quotation of 4 cents per lb. for lead is from 50 to 55 cents 
per unit. It is obvious that the losses and charges will fall much more heavily 
on the poorer ores, hence the following sliding scale is adopted :— 

Under 5 per cent, lead at nothing. 

5 per cent, and under 10 per cent, at 25 cents per unit of 20 lbs. 


10 „ 

}» 

20 

5? 

„ 35 

?? 5? 

5? 

20 „ 


30 


„ 40 

?? 5? 


30 „ 

>5 

40 


„ 45 


,, 

40 „ 


50 

5? 

„ 50 

?? 9? 

>> 

50 

and over 



„ 55 

?? 99 

9J 


Fluctuations in the New York price of lead are provided for by making 
an allowance of 1 cent per unit up or down for every 5 cents per 100 lbs. 
variation in the New York price up or down. 

For rich lead concentrates carrying 65 per cent, lead or upwards, and 
more especially for high-grade ferruginous carbonates, special rates are paid ; 
and, indeed, such ores are often purchased at their full value, allowing for 
treatment losses and refining charges, and smelted for nothing, the loss in 
handling them being recouped by extra charges on the “ dry'' and less 
desirable ores generally. 

Another scale in use at Colorado smelting plants since 1906 for purchasing 
lead (copper, gold, and silver being paid for as above explained) is as follows :— 


Lead Contents. 

Prices and Treatment Charges on Xentral Basis. 

5 to 10 %, 

. 25 cents per unit, less $8.00 working charge. 

10 to 15 %, 

. 25 

„ $7.00 

59 

15 to 20 %, . 

. 25 

„ $5.00 

95 

20 to 25 %, . 

. 25 

„ $4.00 

99 

25 to 30 %, 

. 30 

„ $4.00 

99 

30 to 35 %, 

. 30 

» $3.00 


35 to 40 %, 

. . 30 

„ $2.50 


40 to 45 %, 

. . . 32 

„ $2.00 

99 

45 to 50 %, 

. 35 

„ $2.00 

99 

Over 50 %, 

. . . 40 

„ $2.00 



At Vtah smelting plants the following scales of payment are at present 
in force :—* 

Gold ,—^AU above 0*03 oz. per ton, at $19.50 per oz. 

Silver, —Ninety-five per cent, of fire assay value at New York official 
quotation. 

Copper ,—^All above 0*5 per cent, at electrolytic price per lb. less 2| cents, 
provided lead under 3 per cent. If over 3 per cent., so that the ores are treated 
in lead furnace, the deduction is 4| cents per lb. from electrolytic quotation 
per lb. 

Lead ,—All above 3 per cent, paid for at 90 per cent, of dry assay at the 
official price of desilverised lead, less 1 cent per lb. Under 3 per cent, not 
paid for. 


* E, and M, J., Jan. 25, 1908, p. 223. 
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Treatment Charge .—Basal charge $1 per ton, to which is added 10 cents 
per unit of insoluble in excess of iron (the same being credited for iron in 
excess of insoluble), 30 cents per unit for zinc over 10 per cent., 25 cents, per 
unit for sulphur in excess of 2 per cent, up to a maximum charge of $1 per 
ton of ore, and 25 cents per unit of speiss produced in excess of 5 per cent. 

At Mexican custom-smelting plants the basis of purchase varies some¬ 
what from that in use in Colorado, as above. A few years ago the following 
schedule was in common use 


Pay for 95 per cent, of its value, $30.50 per kilo. 

„ gold, 03i c(uiiH gold per grii., provided not less than 3.43 grms. per 
1 ,()()() kilos (I'rt oz, pc'r ton). 

„ 90 per C('nt. of lead contents at 5A cents M(‘-x:ican per kilo. 

„ excess Fe -f Mn over SiOo per unit,.15 cents. 

Gliarye. for excess SiO.. over Fe d- M.n, i)er unit, . . . . 20 ,, 

„ excess Zn over 8 p(T cent, ptu’ unit, .... 55 „ 

„ exc(‘HS vS above 3 per ccuit., and up to a maximum 

of $4.50 per ton per unit,.3 „ 

„ excess As, ISb, or Ba abov(^ 3 per cent, added together, 

per unit,.55 „ 

Federal taxes 3 per cemt. on value of Au and Ag, 2 per cent, coinage tax 
on gold, all paid by pxirchaser. 

The treatment charge^, was an elaborate*, sliding scale based on the per¬ 
centage of lead alonc^, and ranging from $20 per ton in the casci of dry ores 
with less than 5 per (;cnt. huul, down to 50 cents in the case of lead ores 
with 40 to 45 p(‘,r cent, huid. Lead ores with over 50 per cent, of metal 
received a premiiuti inst(*,ad of a trcuitnumt charge. 

The interesting article by Ingalls*** already laderred io gives an approxi¬ 
mation to the method l)y whi<‘h the smelter arrives at the s(diedulc upon 
which he purchasers ores. ''Fhe conditions assumed are those prevailing at 
the great Balt Lake and Colorado plants, the coat of smelting at which has 
been already given on a, prewious pager as $4.50 pe^r ton of ore. It is now 
assumed that the reiining and selling erost amounts to $7.()0 per te)n of lead, 
without inerluding amortisation or interest charges, and it is furtlier assumed 
that on ore of the ave^rage*. grader treated the ree’overies are as fe)llowB 
Gold 100 per (rent., silver 97 per cent., lerad 94- per (rent., and copper 70 per 
crernt. The grade of orer upon whierh the c.alerulations arer based is tlie average 
grade bought by tiie Amerrican Smelting and Reiining (h. during the year 
1902-3, which was as follows r—GoIel 0*4 I oz. perr ton, silver 24*95 ozs. per ton, 
lead 9*87 per cent. (=197*3 lbs. per short ton), copper 0*959 perr (rent. ( = 
19*17 lbs. per short ton). Ther value realised by ther smelter on ore of this 
average composition was then— 


Gold, 

0'41 oz. 


at $20.59 . 

. $8*43 

Silver, 

24'i).') OZH. X 

0*97 

at 

0.5125 

. 12-10 

Lead, 

197-3 IUh. X 

0*94 

at 

4.11 

, - 7*09 

Copper, 

19-17 lbs. X 

0*70 

at 

12.45 

. 1 -07 


$29.95 


Taking the freight on products at a figure midway between the figures 
* Min. Ind.y voL xvii., pp. 6084U7. 
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actually paid at Salt Lake and at Denver, the total expenses incurred in 
handling this ore would be as follows :— 


1 . 

Smelting 1 ton of ore 

at $4.50 


$4.50 

2 . 

Converting 40 lbs. copper matte 

at 

0.7 

= 

0.28 

3*. 

Freight on 190 lbs. lead buUion 

at 

0.43 

= 

0.82 

4. 

Freight on 13^ lbs. copper in products 

at 

0.5 

= 

0.07 

5. 

Refining 190 lbs. lead bullion 

at 

0.38 

= 

0.72 

6 . 

Refining 13J- lbs. copper bullion 

at 

0.7 

= 

0.09 

7. 

General expense reckoned at per ton of 

ore. 


= 

0.40 

8 . 

Amortisation „ „ „ 

Tie-up of metals interest). 


. 

= 

0.25 

9. 

. 


= 

0.30 

10 . 

“ Metal account ” (Le., insurance against depreciation). 

== 

0.30 


Total cost to smelter per ton of ore. 

. 

= 

$7.73 


Allow for smelters’ profit, . 


. 


2.00 


Total, 

. 

. 


$9.73 


The gross value, $29.95, less the total of $9.73, leaves $20.22 for the 
value of the ore and freight upon it to smelting works. 

The trial schedule made to ascertain the treatment charge properly made 
on a neutral ore of the composition mentioned, under the conditions supposed, 
would be as follows :— 

Gold at $19.50 U.S. Cy. per oz., silver 95 per cent, of the New York quota¬ 
tion, lead 40 c. per unit, copper N.Y. quotation less 7 c. per lb.; which works 
out as follows :— 


Gold, 0-41 oz. at $19.50, .... $8.00 

Silver, 24*95 ozs. X 0*95 at 0.50J, .... 11.93 

Lead, 197*3 lbs. at 0.2, .... 3.95 

Copper, 19*17 lbs. at 5.45, .... 1.04 

- $24.90 

Deducting the sum aheady calculated as that available for 

purchasing the ore, ....... 20.22 

Available for treatment charge, . *. . $4.68 


The schedule quoted to producers would, therefore, be as above indicated, 
with the addition of the above words, “ Treatment charge $4.68 per ton, 
on neutral basis, d/d at works."" 




CHAPTEE XIII. 


FLUE-DUST—ITS COMPOSITION, COLLECTION, AND 
TREATMENT.^ 

1. COMPOSITION. 

The term “ flue-dust is commonly applied to a product wliicli, collected 
very often in a single series of apparatus, is in reality composed of a mixture 
in varying proportions of two distinct classes of material. Tlie first is merely 
fine dust of ore and of fuel carried over meclianically by tbe draught; the 
other, more properly called lead-fume, being a mixture of sulphide, sulphate, 
and oxides of lead with some zinc oxide and sulphite, arsenious acid, and other 
substances, volatilised in the hottest part of the furnace, and subsequently 
solidified on cooling into an infinitesimally fine dust. The individual particles 
are so fine that it would be almost impossible to collect them but for their 
mutual attraction, which causes them to form flaky or feathery aggregates, 
somewhat as snow crystals combine to form snowflakes. The flue-dust col¬ 
lected nearest the furnace contains most of the particles of ore mechanically 
carried over, while that farther away approximates to the composition of a 
true fume. 

In the product collected in the flues serving ore hearths and reverber- 
atories, fume largely predominates, partly because the volatilisation loss in 
these types of furnaces is so much greater, partly because, the ores treated 
being purer, such fine material as is carried over by the current of furnace 
gases is almost pure lead sulphide, oxide, and sulphate. In the blast furnace, 
however, with its poorer ores and large amounts of flux, &c., the material 
collected, at any rate in the first portion of the flue, consists largely of fine 
carbonaceous and siliceous material, lime, iron ore, &c. 

The flue-dust from blast furnaces run with a cold top is always dark in 
colour, owing to the presence of particles of fuel in the dust-chambers near 
the furnace, and to the presence of large quantities of volatilised PbS at 
a greater distance along the flue. The marked difierence in composition 
between mere chamber dust and true fume is well exemplified by the analyses 
of the products of the Lone Elm hearth furnace given in Chapter iv., p. 63, 
and the difierence is quite as marked in the case of blast furnaces. The 
flue-dust from roasting furnaces contains little or no ore and fuel, approxi¬ 
mating more to the character of a fume, while the fume from furnaces in 
which the ore is fused or slagged is naturally much richer both in lead and 
silver than when the ore is plain roasted. 

The composition of various samples of flue-dust is given in Table XXXVIII. 
None of the analyses show the presence of ammonia, which, however (derived 
* Consult Hering, Die VerAichtung des Hiittenrauches, Stuttgart, 1888 ; also Hofman, 
Metallurgy of Lead, 1896, pp. 378, et seq. ; and lies, 8.M.Q., vol. xvii,, pp. 97, et seq. 
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FLUE-DUST : COLLECTION. 


337 


doubtless from the coke), is frequently present in blast-furnace flue-dust in 
tbe form of sulphate, as pointed out by lies. 

It will be noticed that a considerable proportion of PbS exists in most of 
the samples. The volatility of PbS at moderate temperatures, much below 
its fusing point, has been already referred to in Chapter i., and hence it is 
to be supposed that all the lead existing as PbS in flue-dust was volatilised 
as such, while that existing as PbO was probably volatilised as metal in the 
lower portion of the furnace. When, as freciiiently Inippens, the deposited 
fume catches fire and burns in th(^ flue on account of some furnace being 
barred down or blown out, the residual matter consisting of sulphates and 
oxides, acquires a white or grey colour. Ifliis is always the case with fuim^ 
from reverberatory furnaces. When the fume has not ignited spontaneously 
it is frequently set on fire b(flore riunoval from th(‘ flues, in order to convert 
it into a crisp coherent crust or cinder, which is less liabk^ to dusting, and 
forms a better material for subse(|U(mt treatnumt than if it remained in the 
pulverulent condition. Fume collet'ted by filtering nu'thods is, as will b(‘ 
seen, always ignited prior to withdrawal from the bag-houses. huid in 

such ignited fume, and in funu'; from on' hearths, reverb('ratori(‘s, and roa8t('rs, 
from all of which, tin' ga.ses leave at a high tempc'raturt', is found chh'lly in 
the form of a basic sulphate. 

Careful testing of tlui flue-dust from dilh'ia'ut parts of a condensing system 
brings out the fact that tin* ratio of silvt'r to h‘ad gi'iierally, although not 
invariably, diminishes with imaH'asi'd distanc(‘ from tlu' furnace. This is only 
what might be cxpecttnl from tin*, hvss volatility of silvi'.r (‘ompounds com¬ 
pared with those of lead, fllius, at Kms thi' silvi'r in tlu‘. fliu'-dust and funu' 
diminishes gradually from lU'arly 5 oz:s. down to 1 oz. per ton. At Murray 
that portion of the fliu'-dust colh'ct(*d in tlu' first dust-diamber lU'ar tlu‘ 
furnaces contains 22 ozs. Ag })t‘r ton, wlu'H'as the portion collected nean'st- 
the stack contains only B ozs. pc'r ton. Iflu* trut* funu' filt(‘r(‘d out from 
blast-furnace gases, afti'i* all tlu‘ suspt'udiHl liiu' particles of on' have Ixh'ii 
settled out, is always poor in silva'r, containing not ov<'r 2 to 4: ozs., 
even when tlic flue-dust from m^ar tin* furnac(\s contains 30 ozs. silviu* or 
over.*** Elue-dust is always n'latively poorer in silvc'r than the on*, from 
which it was derivt'd, for tin* sann* n'uson; and funu'.-h'ad (obtaiiu'd as its 
name implies chi(*fly from tin* triu* fium* or flm*r portion of flu(*-dust) is hanh'r 
and more impun* tlian on* lead as vva*!! as poon*!* in Hilv(*r, ln*c.ause such sub¬ 
stances as arsenic and antimony pr(*H(*nt in tin*, ore furnaci* are mostly S(‘nt 
into the fume. 


2. FLUE-DUST (’OLLECTIDN OR CONDENSATION. 

The two vari(*ti(\s of flue.-dust—viz., iriu* dust and lead-fume—difT(*r 
greatly as regards tin* diflicailty of colh'cting thtun. Tin* fornu'r only re(|uir(*s 
sufficient rc'diiction in tin* V(‘iocity of tin* air curr(*nt in onh'r to settle out 
almost com.])l(*tely, (*V(‘n without thorough cooling, and this r(*duc.tion in 
velocity is best secured by (*nlarging tin*. <liam(*t(*r of tin*, flm*, and especially 
by constructing large dust- or settling-chambers. 

* According to a private cumummicjation from L. Pithlado, when HiiU'lting rich 
tellurido gold orcH, the proportion of gedd in tin* fume iucnMiHcs with the diHtance from 
the furnace—naimdy, from 0*24 oz. up to 0*.*124 oz. per ton. Tiiis may be due to 
tellurium volatilised carrying with it a volatih* teUuruk^ of gold. 


22 



338 


THE METALLURGY OF LEAD. 


The readiness witli whidi tlie particles of dust are settled out by reducing 
tbe velocity of tbe current of gases is shown by some experiments of Shelby * 
on sizing average samples of flue-dust from the Cananea plant. At this 
plant the flue-gases from eight blast furnaces pass first for an average 
length of 100 feet through sheet-iron flues varying from 100 to 150 square 
feet in sectional area, and then enter a dust-chamber 180 feet long, the cross- 
sectional area of which is 1,000 square feet. The proportion of coarse to fine 
particles in the material collected at various points is shown below:— 


Sectional Area 
of Flue. 

Distance. 

On 100 Mesli. 

On 200 Mesh. 

Through 200. 

Square feet. 
100 to 150 
1000 

1000 

j 

Feet. 

50 to 150 
Oto 90 

90 to 180 

Per cent. 

86-4 to 79-1 
77-6 to 50*7 
23*9 to 5*3 

Per cent. 

11-9 to 18*5 
18-5 to 40*7 
56*9 to 56*6 

Per cent. 

1-7 to 2-4 

3*9 to 8*6 
19*2 to 38-1 


So that, after passing through only 180 feet in length of the large dust- 
chamber, the proportion of particles of over 100 mesh in the product is reduced 
from nearly 80 to about 5 per cent. 

The total weight of coarse particles collected in ordinary blast-furnace 
work is so much greater than that of the fine particles, that from one-half 
to two-thirds of the total flue-dust saved is caught in the first portion of the 
flue, say, the first 100 to 200 feet. This first section of flue, therefore, in all 
modern plants is always made hopper-shaped—^that is, whether built of 
brickwork, of re-inforced concrete, or of sheet iron, the bottom is formed 
into a number of little hoppers with closely fitting doors, and the whole flue 
is raised from the ground high enough to permit of the passage of suitable 
cars below the hoppers. 

The floating particles of true fume are so minute that, even after a thorough 
cooling (without which no condensation is possible), mere settling has but 
little eflect upon them. A better means of condensation is to increase the 
length of the flue, and alter frequently the direction of the motion by means 
of baffle walls, so as to increase the number of contacts with the sides of the 
flue, to which a certain proportion of the floating particles adhere, and from 
which they fall to the floor. 

It is found, however, that both of these means are comparatively in¬ 
efficient for condensing true lead-fume, and accordingly at all the older lead 
works the length of the flues was continually increased, with the result that 
each successive addition yielded sufficient lead to more than pay interest on 
the capital expended in its construction. In this way, for example, the flues 
at Freiberg have grown till they now attain the enormous length of 5 miles, 
the sectional area being for the most part 40 square feet; again, at Mazarron, 
Spain, and at Laurium, Greece, the flues are 2 miles long, and are being con¬ 
tinually added to. 

Where space is scarce, or the ground unsuitable for building long single 
flues, “ zig-zag ” flues in blocks are often constructed like those of the Cordoba 
Smelting Works shown in Fig. 201.f The advantage of this construction 
(apart from convenience where space is limited) is that it saves nearly one-half 

* E. and M. J., Jan. 25, 1908, p. 205. t Private Notes, 1908. 
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of the walling otherwise necessary, since each longitudinal wall, except those 
on the extreme outside of the block, serves for two flues ; on the other hand, 
the flues are rendered much more awkward to get at, and cannot be cleaned 
without a shut-down of the entire plant. The flues shown in Fig. 201 are 
4 feet 3 inches wide by 5 feet 9 inches high, but the same principle may be 
adopted for flues of much larger sectional area. 

The methods adopted for the condensation of the finer portion of flue-dust 
and of true lead-fume, may be considered as falling under the two separate 
stages of cooling and collection. 

Cooling.—The first essential in condensing lead-fume is that the gases 
shall be thoroughly cooled, not, however, on account of any trifling amount of 
lead which may possibly remain in the condition of vapour, for the vapour 
tension of lead or its compounds, even at the boiling point of water, is quite 
imperceptible. 

According to the experiments of Iles,*^ the average temperature of the 
gases escaping from a modern lead blast furnace in good work is about 214° 
F., the maximum registered being 335°, when the accretions had reached a 



Fig. 20Zig-zag FIuch (Flan). 

considerable thickness. Wlum the luait is allowed to (u’ccq) up, however, and 
the furnace has a. hot top,'’ th(‘, tcutipcTuture may ho much liighcu-. 

Thorough cooling is n(‘cessary, chiefly b(Htaus(^ minute hot particles repel 
instead of attracting (^ach oihov, and, tlu^refor(‘, until th(‘. gas(‘s a,re brought 
down to a tempcTatun*. bedow tluit of boiling wa,ter, no collection of the 
furrticles into fla,ky masses can take platan Th(‘. temperatuK^ of furnace gases 
from lead blast fuTna,ces is, araanxling to the above figures, not usually high, 
and cooling, tluu'efore, is nadily eflec.ted by passage^, through a c^ompaiatively 
short lengtii of sheet-iron flue simply air-cooh^d on the outside; but with 
gases from roasting furnaca^.s and from nwerberatories, which on entering the 
flue arc still almost red hot, special means of cooling are (‘.ssential. 

Air Cooling.—“A common method of air cooling is by means of a sheet- 
iron flue, as shown in Figs. 202 and 203. The former represents the flue in 
use at Richmond (Nevada), which was 800 feet long, and shows the mode of 
.suspension to a wooden trc^stlc; the sliding doors, I), wevre 2 feet apart. 

A better arrangement is that shown in Fig. 203, where the flue-dust 
<*ollects in the hopper-shaped portions which end in short square pipes closed 

* fl.M.Q., vol. xvii., p. 19. 
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by sliding doors, and wbicb can be conveniently emptied into a closed truck 
by means of a movable length of pipe. This flue can be suspended by means 
of short trestles underneath the upper body, leaving the hopper parts 
hanging free. An arrangement of hoppers which is easier to make is that 
in use at Ems, but the hoppers are wedge formed, instead of pyramidal, 
and are not nearly so easy to clean. All sheet-iron flues should be kept 
well painted with some form of asbestos or ‘‘ silico-graphite"" paint. 

Instead of a rectangular section, economy of material is nowadays secured 
by the use of what is called a “ balloon "" flue—namely, a sheet-iron flue of 
circular or oval section with suspended hoppers at short intervals, similar 
to those depending from the square flue of Fig. 203. These balloon flues 
serve the double function of cooling the gases and of settling out the bulk of 
the coarse dust particles, and they are now commonly made of large size; 
for instance, 15 feet in diameter if circular, or 12 feet horizontally by 16 feet 
vertically if oval in section. 

Another air-cooling arrangement is that in use at the Grant Works, Denver, 
where, owing to want of space, underground flues and chambers have been 
built of hollow terra-cotta tiles, through which a current of air is made to 
circulate^by means of a separate chimney. 




Fig. 202.—Cooling Flue. Fig. 203.—Cooling Flue. 

Water Cooling.—Simple air cooling requires very long flues, and, there¬ 
fore, many attempts have been made to utilise water for accelerating the rate 
of .cooling. When applied internally, water also assists in condensing the 
dust, but this plan has many disadvantages, as will be seen under the head 
of Wet condensation. The external use of water for condensation is exempli¬ 
fied by the Hagen appliance in use at Freiberg. This is made of sheet lead ; 
it is suspended like an ordinary sulphuric acid chamber, and cooled by a 
succession of shallow leaden tanks attached respectively to the roof and floor, 
and connected by elliptical sheet lead pipes burnt on to the sides of the flue 
and to each other. Water circulates alternately up and down through this 
series of tanks and pipes; the appliance is said to be highly efficient in cooling 
the gases, though too costly for-ordinary use. 

Collection.—^The collection of flue-dust, of course, begins before the gases 
have been properly cooled, and further cooling takes place during the collec¬ 
tion. This further cooling is important, because the dust-laden gases are 
repelled by a surface which is warmer, and attracted by one which is at a 
lower temperature than their own. The preliminary partial cooling is, how¬ 
ever, essential. 
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After cooling, tlie most important requisites for condensation are:—(1) 
To reduce the velocity of the air current; and (2) to expose as large a con¬ 
densation surface as possible to the gases. Simple increase in the length of 
the flue fulfils to some extent the second condition, but not the first; large 
settling chambers fulfil the first condition, but not the second. Of the two 
requisites, the second is of much greater importance than the first. It is 
found that in a horizontally partitioned flue very much more flue-dust is 
deposited in the upper than in the lower half in a given time ; also that the 
point of maximum velocity is on the centre line of the flue at about seven- 
tenths of the total height from the bottom. At the bottom the forward 
velocity is very slight, or there may even be a slight <‘ddying or return current, 
yet not so much is deposited here as on the top, where the velocity is much 
greater. In an ordinary flue without horizontal partitions the deposit on 
the bottom constantly accumulates, because the flue-dust caught on the top 
and sides falls from time to time in masses of greater or less size and remains 
there. 

Increase of surfa,ce, however, without previous cooling has but little effect. 
Aitken has shown that a hot surfat‘-e repels floating particles, especially if 
moist; whereas a, surface which is slightly cooker than the floating particles 
attracts them. Increasing the surfac(‘, acts also in another way—-viz., by 
increasing the friction of tlu^, current of gases, by which their velocity is con¬ 
siderably reduced within an inch or two of the surface^ and the tendency of 
the particles to settle out can bettcu* come into ])lay. 

Construction of Flues and Settling Chambers. f—Both flues and 
settling, or dust, chanilxTO ar(‘- commonly built of briclv, tied together by 
means of iron rods to avoid leakage. Th(‘. ])arts mur the furnaces are always 
built of firebrick, or of sheet iron a,8 alixaidy descriluHl ; but, after thorough 
cooling of the gas('s and condensation of most of their contained moisture, 
ordinary brick or stone may be used for tlu*. remaining portions. Substantial 
construction is essimtia.1 if tlu'. flues are to staud for any time', and thus a 
properly designed system become's very ex])('nsive. Two very good forms of 
flue are shown in Figs. 204 and 205. Tlu‘, former :j: re'.presents the flue of the 
Montana Smelting Company at one of the manhoh's 50 h'et apart; the 
cleaning doors and pits shown in this tigure', oeaur on alternate side's at inter¬ 
vals of 9 feet 4 inche'S, and the^ me'thod of braelng with wooden posts set into 
a masonry foot and tie-rods tlirough the', springing of the arcli is plainly 
shown. Fig. 205 is a seeflion of the new flues at the Enis Smelting Works. 
Arched flues were formerly use^d here, like'< those'- in Fig. 204, but they were 
found to crack a good de',al, and flues of the‘> form shown in the figure in which 
a course of iron rails a-cross the side walls 8uppe)rt8 brickwork have, to a great 
ejxtent, replaced them. 

A similar form of flue, which for small sizes has proved in the experience 
of the author and others very stable in prac.tice, owing to the freedom from 
roof-thrust upon the walls, is one in whicli the roof is formed of flat arches of 
about 4 feet span and only half-a-brick thick, rising from strong A-iron or 
small I-beams extending transversely ac-ross the top of the walls. For flues 
4 feet wide a 4-inch X suffices, and for 5 feet span a 5-inch I will serve. Sup- 

* Proc. Roy. J^oc. Edln.^ vol. xxxii., p. 239. 

t Sometimes called “ Sedimentation chambers.” 

j Borrowed from Hofman, op. <yiL, p. 289. 
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port to tlie walls is given by outside buttresses at intervals. Suck flues, if 
well plastered on tke inside with plaster of Paris, or witk a mixture of tar 
and sand boiled together and well-worked witk the trowel have, according 
to tke autkor's experience, a fairly long life under even tke most trying con¬ 
ditions—^namely, the handling of wet acid fumes after a partial condensation 
by water. Tar plastering, however, cannot be used in flues wkick are ex¬ 
posed to temperatures muck in excess of that of boiling water. 

Baffle walls in the flues, forcing tke gases to take a tortuous course and 
largely extending the surface, are found to greatly increase tke amount of 
flue-dust collected, though, somewhat diminishing tke draught. It is best to 
run up these baffle walls from alternate sides so as to cover about one-half 
of tke sectional area of a large flue, and to supplement them, as at Aurora and 
other places, by 2-feet walls built up from the floor at intervals, so as to form 
pockets, which prevent tke dust from drifting along tke flue or being again 
caught up by the current. Where brick cannot be obtained, stone may be 
used for building flues, but they are not then so strong, and muck more 
mortar is required. Moreover, the more open mortar joints allow moisture 
to penetrate readily, and tke walls are more liable to be destroyed by tke eflect 
of dilute sulphuric acid on tke mortar. 



Figs. 204 and 205.—Brick and Masonry Flues. 


Occasionally, in countries wfflere water for mortar mixing is scarce, flues 
have been excavated in tke solid rock, and lined witk a plaster of cement 
mortar, or with a lining of brick set edgeways. This method of construction, 
however, will rarely be muck cheaper than that of ordinary flues above ground, 
and it possesses tke great disadvantages of not being readily accessible for 
cleaning purposes without shutting down tke furnaces, and of not favouring 
any cooling of the gases. In old-established works, however, flues have 
frequently to be built entirely underground on account of want of space. 

Of late years re-inforced concrete has been somewhat largely employed 
for tke construction of flues and dust chambers, for wkick purpose its lightness 
and the thinness of the walls render it specially suitable. A flue on this 
principle (an open network of coarse iron wire imbedded in cement concrete) 
was erected in 1890 by the Victor Friedrichskiitte (Tarnowitz, Up. Silesia), 
1,640 feet long, 6 feet 7 inches wide, and 9 feet 10 inches high, and is said to 
have given satisfactory results. A group of condensing chambers on this 
system was built in 1893 at Freiberg, at an addition to the flues from the 
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arsenic and zinc works. It consists of six parallel flues, eacL. 100 feet long, 
10 feet 4 inches wide, and 10 feet 10 inches high, giving a total extra length 
of 686 feet of flue, with 2,086 cubic metres capacity. 

The lattice work is composed of vertical and horizontal wires, inch 
apart, the wires being -3%- inch and fV diameter respectively. The con¬ 
crete is composed of one part cement, three parts quartz in fragments of about 
I inch diameter, and two parts quartz tailings from the dressing floors. The 
walls are built 2 inches thick, with the network in the middle; they are 
painted on the outside with coal tar and on the inside with a silicate paint. 
The cost was £1,330, as against £1,500 which it would have cost in light 
brickwork, and £2,500 in sheet lead properly supported. 

Large concrete flues, and especially dust-chambers, when built of re¬ 
inforced concrete, should have at intervals, in order to secure the necessary 
stiffness, either substantial concrete pillars containing iron rails or angles to 
which the metallic network is attached; or else, complete skeleton frame¬ 
work of light angles, to which are rivetted plain bars carrying the expanded 
metal laths upon which the concrete is simply plastered, the mixture con¬ 
taining cement in the proportions of about 1 : 3 for the inside coat, to per¬ 
haps 1 : 5 in that outside, taking care in either case that the aggregate is not 
too coarse. The first mode of construction is exemplified in a paper by 
Edwards,* who gives 4 inches as the minimum thickness of concrete which 
it is advisable to employ. The second method of construction is exemplified 
in Figs. 206 to 210, which give details of the construction of a large dust 
chamber at Mafimi (Mex.). 

The chief troubles with re-inforced concrete as a material for flues are 
two—namely, the tendency to crack from expansion and contraction caused 
by the difference between the night and day temperature acting upon such 
thin layers of non-homogeneous material, and the corrosion caused by acid 
fumes. The tendency to crack from expansion and contraction is, of course, 
much aggravated by excessive thinness of the walls, and, on the whole, it is 
probable that the majority of the failures reported have been from this cause. 
Flues on the so-called Monier principle, for instance, built at the Philadelphia 
Works about 1896 were not over 2 inches thick, and trouble seems to have 
been experienced in every instance where flue- or dust-chamber walls have 
been built with less than 3 inches of concrete as an absolute minimum, so 
that it would seem to be preferable to adopt Edwards^ limit of 4 inches as a 
safe thickness, at any rate in very large structures. The formation of trans¬ 
verse cracks caused by longitudinal expansion and contraction in the case of 
long flues may be to some extent combated by building the flue in short sec¬ 
tions with a J-inch space between each section, which is covered by a strip 
of thin flat iron forming a rough expansion joint. The second difficulty is 
more serious, for although, in the portion of the flue near the furnace, where 
the fumes are still above the boiling point of water, little harm would be 
expected, it is found that so soon as the temperature of the inside of the flue 
falls low enough to permit the condensation of moisture, corrosion sets in, 
the moisture in the gases combined with that penetrating from the outside, 
forming sulphurous and sulphuric acids. These acids once formed rapidly 
decompose the cement, while the crystallisation of calcium sulphate, zinc 
sulphate, and other soluble salts in the pores still further disintegrates the 
* Trans. Amer. Imt. M.E., vol. xxxv., pp. 00-81. 
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concrete Many attempts have been made to protect these thin concrete 

waUs, but they^ave not been altogether satisfactory ; ordinary 

tainkg linseed and other vegetable oils are worse than useless, the lime c,t 



]| Section C-D. 11 

Pigs. 208, 209, and 210.—^Framework for Re-inforced Concrete Bust Chamber. 
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tlu‘ attacking the oil. A mixture of asbestos and water-glass is said 

to havi‘ givtai satiwfaetion in some instances, and so bas ebonite varnisb; 
w<‘Il-boil<Hl (‘oal-tar applii^l hot with a, mop will, according to the author's 
<‘xpt‘ri(‘nee, naultT a. good c(‘ment plaster impervious to acid fumes for a long 
time, provithul llu‘ application is thoroughly rubbed into the pores, and two 
<ir t hree coats art‘ giv<‘U both outskh‘ and inside the line. 

On tht‘ whole, howi‘V(‘r, th(‘ ladiavioiir of re-inforced concrete as material 
for thi‘ const met ion of thu‘s and dust-chambers does not appear to have been 
altogith(‘r satisfactory, and of lat(‘ there has lu'cn a reaction in favour of 
ordinary hrh-k, or of rubble masonry with brick lining well laid in clay mortar, 
lime, of courst\ btang t)nly employed for the outside work. A good construc¬ 
tion, tlum, for ordinary dust-chambers or large flues is, first, a foundation of 
concH'tt* 1:1: (>, tlnm b-ineh brick walls laid in clay mortar inside and good 
lime mortiu* h>r about IA ineln^s outside, with pilasters at intervals for 
adtlitional Hupp<n’t, strips of hoop iron or expanded metal being laid between 
th<M‘(mrHi\H of lu’iek at intcu'vals. Roof of iron girders covered with corru¬ 
gated iron, iiaving a thin roof of good (*.ement concrete rammed on top, 
or lialhbriek flat andu‘s running transversely to the flue with steel girder 
ibutinents as aln'udy <h‘serih(Hl. All ironwork inside Hue liberally painted 
with three e<»ats of lad Ixhled coal-tar; all plaster, brickwork, and roof 
tmtside to have two coats of tln^ sattu‘ nuLicuhil applied hot with tar-mops to 
prevent moisture from hanking throtigh. 

At< the Mnrmtj Works (Utah) eonende (lut^s a.t first built have been 
rephu’cd by ilues cd’ 250 scfuare had seetum, built of brick only 1) inches thick, 
in tht‘ form <d an invtu’bHl <*atenary arch, which .napiires neitlicr abutments 
mu' hinders. In order to eotuderaxd. thi^ ttuuiimey to destruction caused by 
longitudinal expansion and eontraetion, (expansion joints, 3 inches wide, are 
left at every 20 had III length. 

Mathocin of IncroaBing Surfaeo.—-In addition to baiiic walls, the prin¬ 
cipal mcdluHlH iiu'reasiug surface art^ tlu^ following :— 

1. Cowpor Fluo».“The primaph' upon which th(vs(‘. work is easily under- 
Hlutai from a rehu'ence to Fig. 211, which shows a plan of one set of such 
tlurs. 'ria* main Hue from tin* furna(a\s has a stopping door, 1), fixed in it, 



■tn.l ii miiuh.T »{ iwfull.'l (lia^oiiul iluca brandi oft from it on cither side, the 

Opening info emHi from the main Hue being very small, so as to divide the 
t'urreii! of gases into appritximately e(|ual portions, which are again collected 
mto the main flue l^y the gathering flues, G, on either side. In this way the 
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velocity of the current in the parallel flues, which are narrower than the prin¬ 
cipal flue, is reduced to, say, one-tenth of that in the latter ; while the surface 
exposed for condensation is twenty times as great. 

An installation of this kind has been in use at La Tortilla Worlcs, Linares 
(Spain) since 1882, working most satisfactorily, and yielding in six months 
over 90 tons of fume, containing 67 per cent. lead. The Cowper flues possess 

the very great advantage that the 
velocity of the current is reduced 
with the increased 
surface offered to the gases, and, 
therefore, the fumes are under the 
jll I !| I f ^ost^ favourable conditions for de- 

2 * ]3j»-Q_sij_-^ood and Coke 
' \ ' P H II Towers.—These methods were 

I n f f J i formerly largely employed, usually 

with the addition of a spray of 
l^ l! JMy 11 ¥ ^00. water, but the product obtained is 

J always in a very unsatisfactory form 

handling, not to mention the 
great obstruction to the draught; 
o they are now practically out of use. 

Scale i:8o 3. Freudenborg Plates.—The 

■ Cowper flues may be multiplied 

individual flues narrowed 
^^7 desired extent, but a cheaper 
^ L and simpler means of attaining the 

n I I surface is by the adoption of 

^^J-J. JJjlJl .o Freudenberg plates shown in Figs. 

j||| S \i ^213.* At the level of the 
1 r ! ''' springing of the arch flat iron bars, 

?1 ^'1 L, pierced with holes about 4 inches. 

MU- IJ J J apart, are fixed across the flue by 

twisting the ends at right angles so 










i 

kmmlf 








\ c\\ enter the brickwork, and iron 

ji: ^ ^ driven into the holes so as 

to project about _1 inch on each 

fmmW gauge, have pieces, D, rivetted to 

the ends of their upper side, in 

-p- oio J olo -P J i " w’-hich loops are formed which drop 

Figs. 212 and 213.—^Freudenberg Plates - ^ ^ • t . 

in Flue. support the 

sheets in a vertical position 4 inches 
apart. Old sheet iron can be used for this purpose; in fact, old jig screens are- 
commonly employed, while at the extreme end of the flue system where the 
gases are cool, pasteboard has been found to answer when the flue-dust is not. 
ignited before removal. The flue-dust collecting on the plates falls to the 
ground on attaining a certain thickness, and at every 15 to 18 feet a cross. 

* Egleston, Trans. A.I.M.E., vol. xi., p. 379. 
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partition, E, is erected in the lower part of the flue to prevent dust once 
collected from being taken up again by the air current and carried away 
into the stack. These cross partitions are of sheet iron bolted to cast-iron 
feet, C, and reach up in the flue about 20 inches. 

The plates may be placed much closer together, but they are then liable 
to choke up, and the friction is so much increased that unless the chimney 
is of great height and the flue runs uphill to it recourse must be had to 
increasing the chimney draught by artificial means. When 4 inches apart, 
the ordinary draught is but slightly interfered with. 

A good arrangement is to provide two or three parallel lengths of flue 
fitted with the Freudenberg plates, so that the current of gases can be either 
split up among the various flues, or shut ofi at pleasure from one or the other 
for the purpose of cleaning, which has to be done so often that, in the absence 
of some arrangement of the kind, the furnaces may have to stop to allow of 
cleaning out the flues. 

It might be supposed that thin iron sheets would rust very quickly, but 
this is not found to be the case where the gases are properly cooled, and 
where they pass through a long length of flue before reaching that part where 
the plates are placed, so that all the moisture is condensed out of them before 
they come in contact with the iron. 

An installation of Freudenberg plates put in at the Muldner Hiitte (Frei¬ 
berg) in 1890 is described by Bauer * as a series of twenty-one parallel flues. 
.each 33 feet long, forming part of the condensing system of the blast furnace 
and refining departments. The total surface of these flues is 1,520 square 
metres; they are constructed of iron sheets fixed about 20 cm. apart. The 
sheets above the springing of the arch are fixtures, those in the central portion 
of the flue being suspended like those at Ems. The result of the insertion 
of the sheets was that, with an increase in ore smelted of 15 per cent., the 
flue-dust collected in the whole system showed an increase of 45 per cent.; 
the increase in that portion of the main condensing chamber containing the 
flues was no less than 82 per cent., while nearer the stack the quantity con¬ 
densed was actually less than before. Unfortunately, there is no excess of 
chimney draught as at Ems ; in fact, a Guibal fan has always been required 
to assist the natural draught, and it was found that an increase of 40 per 
cent, in the work of the fan was required to overcome the increased resist¬ 
ance caused by the plates. The Guibal fan used is 20 feet in diameter and 
3 feet 6 inches wide; it takes about 7 H.P. to drive it at the rate of 65 to- 
85 revolutions per minute, which gives a pressure equal to 34 mm. (If inches) 
of water, about 20 mm. of which corresponds to the resistance introduced 
by the plates. The cost of 20 mm. pressure is about £250 per annum, which, 
together with the interest and depreciation on the plant, must be set against 
the saving eflected. 

Kroupa f describes the installation in a dust-chamber of hanging plates 
of corrugated galvanised iron, which expose a very large surface to the gases. 
The dust falls ofl the plates at intervals into hoppers in the bottom of the 
chamber, which deliver into a pair of screw conveyors, so that cleaning the 
flue becomes an automatic process. 

4* Rosing Wires.—Instead of sheets of iron, wires may be used as first 

* Jahrbucli fiir das Berg- und HuUen-icesen im K. Sachsen, 1894, p. 39. 

f Oesterreichische Zeitschrip,, 1905, liii., 347, quoted in Min. Ind., vol. xiv., p. 417. 
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tried by Eosing.* The wires used are of No. 10 gauge, and three-fourths 
the full height of the flue; they hang in parallel rows from a wire netting 
of 1 inch mesh, which is rivetted to I-beams running across the top of the 
flue, as shown in Eig. 214. At the Tarnowitz Works an installation on this 
system in 1888 reduced the total amount of solid matter escaping during the 
year from 54 to 40 tons per furnace, without perceptibly influencing the 
draught, the extra material collected being very rich in lead. 

At Great Falls the new dust-chamber is 478 feet long by 176 feet wide 
and 21 feet high, divided lengthwise into two halves, either of which can be 
shut ofl at will. It is built entirely of steel columns and I cross-beams, with 
brick panels ; the gases being dry have no effect upon the brickwork, which 
is left exposed without protection. The floor of the dust-chamber is formed 
into hoppers, and, in the basement below these, trains of electrically-operated 
dump-trucks remove the flue-dust from time to time. Eastened to the I- 
bearns forming the roof is a heavy netting of copper wire, from which iron 
wires are hung 4 feet apart, in order to increase the surface available for dust 
deposition. The wires are all connected in sections below their point of 

support, and the connecting framework 
Support is shaken by means of a beam extending 

outside the house, operated by a small 
motor. 

5. Filtering Methods.—So far as 
the author is aware we owe the first 
suggestion of filtering methods to Percy,f 
but it was not until recently that Bart¬ 
lett experimented on the subject with 
satisfactory results. The Lewis and 
Bartlett bag process has been already 
described in Chapter iv. 

In considering the desirability of 
filtering blast-furnace gases, the fact 
should be taken into account that, 
Fig. 214.—Rosing Wires. whereas ordinary flue-dust can be settled 

with comparative ease by sufficiently 
reducing the velocity of the gas current, there is always a certain 
amount of lead fume which leaves the furnace not as minute solid 
particles, but as true vapour, or rather as a cloud imperfectly condensed 
from the condition of vapour, and this cannot be completely settled 
out by any extent of flues, but only by filtering the gases through calico or 
flannel. This true fume, after all the dust has been settled out, may contain 
as much as 60 per cent, lead (chiefly as sulphide and sulphate) together with 
precious metals in amounts varying with the average assay of the furnace 
charge, but which may reach 8 to 15 ozs. silver, and, in the case of ores very 
rich in gold, from 0*05 to 0*3 oz. of that metal per ton. Generally speaking, 
though not invariably, the silver assay of the fume increases in proportion 
to the lead present with increased distance from the furnaces. As a pre¬ 
liminary to the filtering of the fumes, it is always advisable to settle out as 
much as possible of the fine ore-dust in ordinary flues and dust-chambers, 
which possess the further advantage of cooling the gases so that they do not 
* Saeger, B,- u. H. Zeitung, 1894, p. 299. t Metallurgy of Lead, p. 449. 
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destroy the filtering fabric, the extreme limit of temperature admissible being 
about 120 ° C., and the desirable limit only 80° C. 

For gases the sulphur contents of which are low, unbleached calico of 
0*6 oz. per square foot can be used, with about 46 threads to the inch in both 
warp and woof. If, however, the gases are comparatively rich in SO.j the 
bags should be of unwashed woollen fiannel, and when the gases are very rich 
in SOo, or contain SO 3 , as do those from roasting furnaces, no material will 
long withstand their efiects. A common size of bag is from 18 to 20 inches 
diameter and 25 to 35 feet long, the material is lap-jointed and double sewn ; 
the thimbles over which the lower ends of the bags are tied are generally of 
No. 10 sheet steel, the edge being turned over a J-inch wire, and they are 
spaced about 27 inches apart, the bags being tied on by a 2-inch strip of calico. 
The area of cloth required per ton of ore smelted varies from 300 square feet 
(Bingham Junction) to 750 square feet (Globe). 

The bag-house of the Globe * Works (Denver) is similar in general arrange¬ 
ment to those of the Lewis and Bartlett process shown in Fig. 32, except that 
instead of hoppers below the sheet steel floor carrying the thimbles or nipples 
there are only open brick-paved chambers called fume-rooms in three rows 
separated from each other by brick walls and divided up transversely also 
by brick walls, these precautions being necessary in order to prevent fires 
from spreading. The nipples are of sheet steel No. 8 gauge, braced by J-inch 
rods, and the bags attached to them by means of 2 -inch strips of calico f 
wound round four times, are 36 inches diameter and 30 feet long, made of 
unbleached calico weighing 0*6 oz. per square foot, with 42 to 46 threads to 
the inch in both warp and woof, and costing about 2 d. to 2 Jd. per yard, 62 
inches wide. This fabric resists fairly well a temperature of 125° C. without 
loss of strength, but commences to char and becomes much weakened at 
temperatures of 150° and upwards ; care is, therefore, necessary to avoid 
excessive heat arising from spontaneous combustion or otherwise, for which 
purpose a bye-pass current of cold air is provided separately for each room, 
which is opened ’whenever the temperature rises above 150°, the usual ignition 
point of the finely-divided fume being about 175° C. The filtering area pro¬ 
vided was at first only 250 square feet per ton of ore smelted, but this lies 
regards as an absolute minimum, and it has been increased to 750 square 
feet per ton. At these works not only the blast-furnace gases, but also the 
whole of the fumes from the roasters, and even those from the lead wells 
and slag taps, drawn ofi through an overhead main with funnel-shaped venti¬ 
lators, are sent to the bag-house. The resulting fume is ignited on the floor 
of the fume-rooms, which are for that purpose isolated in turn from the current 
of gases, and the product is a porous grey cinder containing as oxides and 
sulphates Pb 75 per cent., Zn 3 per cent., Fe 0*5 per cent., As 1*3 per cent., 
and Ag 4 ozs. per ton. As regards the vacuum, lies finds that 0*35 oz. at 
the fans is a minimum to prevent leakage at the charging doors of the 
furnaces, and prefers at least 0*5 oz. 

At the Omaha Works J (Neb.) the Brown-Be-Cam^ filtering process has 
been in successful use since 1894, the gases from ten blast furnaces, each 
42 by 120 inches at tuyeres, being first passed through 800 feet of brick 

* lies, Lead Smelting^ pp. 186-210, and Private Notes, 1897. 

f It may be remarked that in the United States calico is termed “ muslin.” 

t E. and M. J,, Oct. 19, 1895. 
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flues in order to settle out tie dust, and then sent 
stead of bags, high-peaked ceilings are employed, each 29 ^ ^ ^ ^ 

long, any oL of Ihich can be cut out of the series, “"I, , 

instead of woollen or cotton is a heavy, but open, i\o\a v ’ 

Each compartment of the filter has a senes of ceilings, the ( 
area of which is 40,000 square feet, supported by a fraraewoik of I*' 
pipes ; the capacity of each compartment be ow the. ceilnigs is .0, (K) cv 
feet. It is found that, to ensure complete cllicionc}, disc h.u ging tlu j,. 
quite colourless and without visible vapour, about U. ()O0 sciiuirc f(>ct 
required for each furnace, the whole installation being thus siiflicicnt fc.i 
furnaces. The fan is a 12 feet Murphy vcintilator, which, at i(K) rcvolutio 
takes the fumes from ten furnaces through a flue, of (>4 sciuarc fcc.t area, i: 
consumes, roughly, about 7 H.P. for each furnace running, busp.mc 
between the converging walls of the peaked cceilings aiv oscillating slui 
carrying long beaters, which can be put in motion by means of le\eis i 
the outside of the building as often as the pressure gauge m each compii 
ment shows that the meshes of the fabric arc becoming clogged, eauH 
the beaters to strike the canvas and shake oi^ tlie dust, whicli falla to th(‘ 


of the building. 

When the dust has accumulated to a suliicient extent it ean ln‘ burnt 
the floor, a separate set of flues and a small chimney being providtHl to ea 
ofi the products of combustion. It is usually, however, wheeltHl to a Hi'piin 
closed chamber for ignition, which converts it into a grt'Y or pinkish fria 
coke, suitable either for the blast furnaces or for working up in tlu' r(‘tin< 
together with skimmings and drosses to a hard lead. 

The actual saving when running all the gases from sevim funuuH‘H throu 
two compartments of the above condenser averages about UK) tons of meta, 
lead per month, carrying about 10 ozs. silver per ton, which is b pta (HUit, 
all the lead charged into the furnaces ; this yields a gross income* of abc 
£1,200 per month, which is said to be much more tliun tlu* total e'xpenst* 
maintenance, depreciation, and interest. 

• At Murray ^ (Utah) the bag-house is a building 216 fe‘i*t X 100 f(H*t, a 
contains 4,160 bags, each 30 feet long X 18 inches diamct(*r, group(*d in 
parallel sections, each of which ends in a steel chimney 175 f(‘{*t high. 
fan provided, which drives the gases, cooled by paasagt^ through long 111 
to a temperature of 120° to 160° F., through the bag-house, Ls 18 f(*(*t dianuM 
by 6 feet wide, and delivers 250,000 cubic feet per minute under a pr(*Hs\: 
of 1 inch water, taking 125 H.P. The cost of the installation was £3l),(KKh 

At the Bingham Junction Works of the U.S. Smelting and H(*rming (. 
there is a similar bag-house in three sections with a steel floor 12 abc> 
ground level, provided with 2,200 nipples, 18 inches (liam(*.ter, 6 ineh{‘B big 
and 2 feet apart, to which are attached the usual calico bags, 32 fi*(»t lor. 
The fan delivers against a pressure of 1 inch watex, and takes 1)0 H.P. T 
total area of the 2,200 bags is 310,860 square feet, which, as they serve* h 
furnaces, is 50,000 square feet per furnace, or 300 square feet per ton sm(*ltcM 
seeing that the area of each hag is about 141 square feet, this amounts to ]u 
over two hags for each ton smelted. 

At Pertusola J a filtering plant has been recently installed at the foot 


* JS. and M. J., Sept. 28, 1907, p. 576. -j- E. and M. J., Sept. 21, 1907, p. 531. 

J Mining Journal^ May 18, 1907, p. 665. 
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the chimney and at the end of flues, which are 1,800 metres in length. From 
ten to twelve filters are in use, each having a surface of 40 to 45 square 
metres, and about 500 cm. of gases are passed through per minute by the aid 
of Fiechter fans taking 10 H.P. The temperature of the gases is 70° to 80° C., 
and the fume collected carries 75 per cent. lead. 

At the Selby Works (Cal,)* a bag-house of re-inforced concrete has been 
recently erected for three blast furnaces of 36 X 144 inches, smelting together 
about 540 tons per day, besides other accessory furnaces. There are 1,920 
bags, 18 inches diameter and 28 feet 8 inches long, giving 135*1 square feet 
per bag, or a total of 259,392 square feet. The total allowance made was 
410 square feet per ton smelted +17 per cent, for other furnaces, or 480 square 
feet per ton in all. The fan is 11 feet diameter X 5 feet 6 inches wide, 
and at a speed of 116 r.p.m., taking 24*75 H.P., against a pressure of 
I oz. delivers 76,000 cubic feet per minute at a temperature of 112° to 
114° F., which, at this works, is found to be best for the bags. According 
to Bennett,! the basis of bag area for a given tonnage smelted is unreliable, 
and it is better to reckon in terms of square feet per cubic foot per minute of 
gases passed through. At present the provision is 3*413 square feet per cubic 
foot of total gases entering the chamber, but, eliminating the accessory fur¬ 
naces, which would be better served by a separate bag-house, and by dividing 
up the blast-furnace house into parallel sections, either of which could be 
isolated at will for cleaning purposes, the actual area of filtering surface 
required to be in use per cubic foot of gas per minute is only 1*14 square feet. 

Even in a large plant the cost for filtering the blast-furnace fumes amounts 
to from 4d. to 5d. per ton of ore smelted,! so that many metallurgists are still 
doubtful if the capital outlay is really warranted by the results, in spite of 
the fact that the recovery of lead is increased by something like 1 per cent, 
per ton of ore smelted. 

Until recently it was considered impossible to filter the fumes from roasting 
■furnaces except when largely diluted with ordinary blast-furnace gases, on 
account of the high proportion of SO 3 present, which rapidly corroded all the 
fabrics successfully employed for blast-furnace fume ; yet the roaster fumes 
are far richer in lead, and, therefore, better worth filtering. According to a 
recently introduced improvement, referred to on a later page, the roaster 
fumes are neutralised by blowing in fumes of ZnO, after which they can 
be safely filtered through woollen bags, and the residues can then be leached 
for ZnSO,. 

6 . Use of Electrical Discharges. §—Since the discoveries of Lodge 
and Clark in 1884, it has been known in a general way that discharges of 
static electricity would rapidly cause all dust to settle in a closed chamber, 
and patents were taken out by the firm of Walker, Parker & Co. in 1885 
for the purpose of utilising these discoveries practically. Until recently, 
however, no success had attended experiments in this direction, because 
electrification of the dust particles can only take place in stagnant air; 
as soon as there is anything like a swift current of gases the discharge seems 
to be dissipated. 

* Bennett, and M. J., Sept. 5, 1908, p. 456, where drawings of the plant are given. 

t Loc. cit. X lies. Lead Smelling, p. 210. 

§ Hutchings, B.~ u. H, Zeitung, 1885, p. 253 ; lies, 8. of M.Q., vol. xvii., pp. 119, 
el seq. 



352 


THE METALLURGY OF LEAD. 


ConsideralDle success is, however, stated to have been attained by the 
Cottrell process at the Selby Works (CaL). No details are available as to 
the potential employed, but the following is condensed from the summary 
of the specification of the Cottrell patents.* The conditions for successful 
deposition of suspended particles seem to be the following :— 

1. The use of continuous currents. 

2. The charging of suspended particles by means of electrodes with a large 
surface, over which a uniform discharge of the brush or glow type is main¬ 
tained. 

3. The attraction of charged particles by electrode surfaces of opposite 
polarity. 

4. The passage of gases through the electric field in such wise as to secure 
fairly uniform treatment of the whole bulk of gas. 

5. The maintenance of as perfect insulation as possible between the elec¬ 
trode surfaces of opposite polarity, more especially guarding against short 
circuiting through the material deposited out of the gases. 

The charging electrode may take the form of a suspended wire cage 
wound with asbestos cord or thread, the projecting fibres of which form 
myriads of points for the glow discharge. The other electrode may be the 
walls of the fine containing the furnace gases. The connections and supports 
for the inner electrode must, of course, pass through the outer walls at certain 
points, and in order to guard against the deposition of a dust layer upon 
solid insulators, it is necessary either to force in at each of such points a current 
of pure dry air free from dust, so forming an insulating layer, or else to heat, 
up the air in the neighbourhood of the insulator, by means of a heating electric 
coil or otherwise, to such a temperature that no dust can deposit upon it. 

"Wet Condensation. "j*—Many attempts have been made to employ 
water for condensing lead fumes, but the great dij06.culty is that of getting 
contact between the water and the minute particles of fume, which, instead 
of being attracted, are repelled by a moist surface, as first noticed by Percy.J 
Three main varieties of wet process may be described :— 

1. Passing through. Water.— This, although efiective, is costly, owing to 
the power absorbed by the fans required to force the fumes through the 
head of water. Simple bubbling through water under a diaphragm or 
through perforated pipes was soon found to be almost useless, but the method 
of the Sheffield Smelting Co. is very effective. The fumes are distributed 
in a closed tank by means of a network of perforated pipes 7 inches below^ 
the surface, and above the pipes are fixed several diaphragms of copper wire 
cloth about 16-mesh, the action of which is to break up the bubbles and so 
increase the contacts of dust-laden gases with the water. The gases are 
forced along by means of Boots' blowers, and it is stated that the cost of 
the power required, although considerable, is much more than repaid by 
the value of the fume recovered. 

2. Blowing in Steam.—This is cheap enough, but all attempts to 
utilise steam exclusively have failed in practice. Most of the steam escapes 
condensation, and the small portion condensed forms a strongly acid mud, 
which rapidly attacks the materials of the flues and chambers. That 
portion of the steam which escapes condensation hinders instead of assisting 

* E. and M. J., Aug. 22, 1908, p. 375. 

t V. Percy, Metallurgij of Lead, pp. 441-449. 


t Metallurgy of Lead, p. 450. 
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the segregation of the dust particles, on account of the additional heat 
imparted, which causes the particles to repel each other. 

3. Passing throngh a Water Spray.—This process, though costly in 
plant, has given good results at several works. At the St, Louis Smelting 
and Refining Works the plant consisted of a chamber 20 x 10 X 12 feet high, 
divided into three compartments, built of tiles, in sections containing shelves 
composed of drain tiles supported by planks borne on old iron rails. The 
smoke passed first up through one such tower and then down through another, 
being sprayed all the time through fine rose nozzles at the top of each tower. 
It was then driven through a long wooden tank containing water, and pro¬ 
vided with a number of hanging curtains which forced the gases to come in 
contact with the surface of the water while they were again sprayed from 
above. The fans were two Sturtevants, 7 feet 6 inches diameter, and the 
fume was perfectly condensed, but whether or not the process was a financial 
success is doubtful. In this case, as in that of the Bhefiield Smelting Co. 
previously referred to, the works being situated in a populous city, perf<H*-t 
condensation was imperative rega.rdless of cost. 

At the Bimetallic Smelter * (Leadville), now idle, a. similar plant was 
formerly at work, consisting of two circular towers, each 20 feet high by 
16 feet diameter, through which the fumes from two large pyritic. furnaces 
were forced by means of two Huyett & Smith fans, 10 feet diametiu:, running 
at 260 revolutions per minut(\ The towers contained a great number of 
A-shaped tiles with serrated lower edges, supported in the form of shelves 
on old rails completely enclosed in sheet lead, the seams of which were 
“ burnt ’’ together, as were also those of the sheet-lead lining of the. towers. 
Water was supplied from a shallow tank, forming the roof of the tower, through 
a network of 120 leaden pipes, and trickled down from shelf to shelf, falling 
from the serrated edges of one till' on to the ridges of those in the next row. 
The fumes entered the towers at a temperature of 350^^ to 400®, and left at 
a temperature of 90®, being dis(‘harged through an octagonal stack 150 feet 
high built of planks heavily tarred. The condensed fumi^ was washed out 
by the stream of water issuing from the bottom of the towers, settled iti 
tanks, and sun-dried. It cotitained 25 to 40 per cent. Pb and about 25 ozs. 
Ag per ton. 

At Monteponi f the blast furna(‘e and other fumes arc passed througli n 
water-spray near tlu' (‘ommenci'inent of thi^ condensing system, and, then'.- 
fore, while still quiti' hot. The condensing plant consists of an arc-hed 
chamber, 20 feet long by 10 feet wide, divided into twidve compartmi'nts 
by means of one longitudinal and five transverse baffle walls, tlie arrange¬ 
ment being shown in Figs. 215, 216, and 217. 

Each time the current of gases changi'S its direction and passes over the 
longitudinal partition, which it does six times, it is struck by a fine spray of 
water from a rose, the six roses discharging together about li litres per 
minute. Of this total quantity of wati^r, about four-fifths is vaporised, 
while one-fifth flows off through the water seals at the bottom of tlu'. condensing 
chamber, carrying with it from 10 to 15 per cent, of the total quantity of 
flue-dust produced in the plant. Settlement of thi' remainder of the flue- 

* Private. Noten, 1897. 

t FerrariH, OeMt. Zeit. /. Bert/- and fltiUenwemnf lOOf), p, 455; afentract in E. and 
J., Oct. 25, 1905, p. 783. 
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dust in tlie long flues wHcli follow is found to be mucli facilitated by 
condensation of the water vaporised in tbe condensing chamber, so that 
practically nothing escapes from the stack except a little steam. No fan or 
■other artificial draught is required, but it may be remarked that the top of 
the stack at these works is no less than 524 feet above the level of the 

furnace floor. n . r 

At Bfimsdown'^ the fumes from eight cupellation furnaces are drawn 

■ofl at a temperature of from 250° to 300° through high-speed fans, upon the 
blades of which jets of water impinge; the condensed fume is carried out 
■of the fan casing by the stream of water and collected in settling tanks. 

At the Tarnowitz Works a large fume-condensation plant has been recently 
installed, in which fans are employed to exhaust the gases from the furnaces, 
and drive them through a series of water-sprayed towers in which the flue- 
dust is collected. 

At Scheriawf (Carinthia) the gases from the ore hearths and roasting 
furnaces together enter a sheet-lead flue, 8| feet square and 180 feet long, 
and thence pass to the wet-condensation plant, which consists of 52 chambers, 
15*7 feet square and 17*7 feet high, internally sprayed from the top, through 
which the gases circulate, being cooled during their passage down to 20° C., 
.and having their sulphur content reduced from 13*8 down to 2*6 grammes 
per cubic metre. Beyond the wet-condensation plant is a stack 98 feet high, 
but this would be insufficient to handle the cooled gases without the insertion 
•of a suction fan making 720 revolutions per minute, and taking 35*3 cubic 
feet of gas per revolution. 

Quantity of Flue-Dust Recoverable.—The quantity of flue-dust 
produced is influenced by various factors, among which may be mentioned 
the amount of fine ore in the charge, degree of friability of the fuel, pressure 
•of blast employed, amount of bosh in the furnace shaft, care in keeping the 
walls free from accretions and the top cool, and, especially, the height of the 
•column of charge in the furnace. 

With filtering methods, practically the whole of the lead volatilised can 
be collected as fume, but with all the other methods a variable amount 
always escapes, in many works little else but ore dust being collected. 

At the Keld Head smelting works in 1857 J the fume, collected by means 
•of water-spray condensation from ores which yielded in the ore hearth 
1,374 tons of lead, gave 96 tons of fume lead, which is 7 per cent, of the ore 
yield, or about 5 per cent, of the total weight of ore charged, and over 6 per 
•cent, of the weight of lead present. 

Hofman§ puts the average quantity of flue-dust formed in American 
works at 5 per cent, of the total weight of ore charged, which is probably 
an extreme figure for high modern furnaces ; the quantity collected, however, 
averages barely half as much. 

According to Pufahl,|| the following figures show the percentage pro¬ 
portion borne by the flue-dust collected to the ore smelted at a number of 
the leading American works :—Globe (Denver) 0*5 per cent., Filers (Pueblo) 
0*5 per cent., Pueblo (Pueblo) 0*9 per cent.. East Helena (Mont.) 0*3 per 
•cent., Arkansas Valley (Leadville) 0*2 per cent., Murray (Utah) 1*2 per cent. 

* Private communication, 1908. f Min. Ind., vol. xv., p. 536. 

t Percy, op. cit., p. 456. 

§ Hofman, Metallurgy of Lead, 8th ed., 1906, p. 380. 
j| Quoted in Mineral Industry, voL xiv,, p. 39^ 
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The general average of all these figures is 0*6 per cent., which, however, is- 
probably below the truth. 

At the Smelter No. 3, Monterey,^ the flue-dust saved amounts to 1*2 per¬ 
cent. of the weight of ore charged, and from 1 to per cent, on the ore 
smelted will be an average figure for other plants in Mexico. 

At Ems t in ten months of 1881-82, the 14,605 tons of ore treated, dbn-^ 
taining 42*8 per cent, lead, yielded 931 tons of flue-dust, averaging 56*9 per¬ 
cent. of lead; the flue-dust actually collected, therefore, was 6*4 per cent, 
by weight of the ore treated, and contained 8*5 per cent, of the lead contained 
in it. At Freiberg J in 1893 the weight of fume actually collected amounted 
to no less than 9*7 per cent, of the weight of ore smelted, and contained 
1,658 tons lead, 36,655 ozs. silver, and 917 tons of white arsenic, the total 
value being £13,636. 

It has been already mentioned that at Omaha (with the new appliances) 
the fume collected, as an extra saving over and above the ordinary flue- 
and chamber-dust collected in 800 feet of flue, is equivalent to 6 per cent, 
of the lead charged into the furnace. It may, perhaps, be reckoned that, 
as a rule, in works smelting ores fairly rich in silver, from 2 to 3 per cent, 
of both lead and silver will be carried away mechanically as fine dust, which 
can all be settled out readily in suitable chambers; while from 5 to 8 per¬ 
cent. of the lead, and J to ^ per cent, of the silver, will be volatilised, more or 
less of which is condensible according to the degree of perfection of the 
appliances employed. With ores poorer in silver, the quantity of that metal 
volatilised is much greater in proportion to the lead, and may reach, or even 
exceed, 1 per cent, of the total amount present. 

Furnace Gases.—The deleterious effect of sulphurous gases upon 
vegetation has caused a good deal of attention to be directed lately to the 
neutralisation of furnace gases, particularly those from roasting farnaces, 
which contain the highest percentage of sulphur, and are, therefore, the most • 
injurious in their effect. 

At the Bingham Junction Works of the U.S. Smelting and Eefining Co. a 
method has been recently introduced of neutralising the sulphurous gases, 
by means of finely-divided zinc oxide produced in small “ blowing up 
furnaces, 6 feet long by 3 feet wide, provided with a perforated grate upon 
which is fed a dampened mixture of zinc sulphide concentrates with 50 per¬ 
cent. of its weight of fine coke, the depth of the bed of the material being 
maintained at about 12 inches. Each of these furnaces handles about 5 tons 
of material per day, and the resulting zinc oxide fumes mingling in the flues. 
with the sulphurous gases from the roasting furnaces form zinc sulphate, 
which is collected in woollen bags, of which there are 2,300, each 18 inches^ 
diameter by 33 feet long. These are shaken every twelve hours, and the dust ■ 
falls into a cellar, where it is burned before being drawn off into cars. 

TREATMENT OF FLUE-DUST. 

The methods adopted for treating flde-dust have nothing to do with the 
mode of collection. The use of lead fume in its natural condition as paint 
is more than two centuries old, and at Linares and other places large quan¬ 
tities are sold for use as such, but the grey colour is frequently objectionable.- 

* Private Notes, 1902. t Egleston, Trans. A.I.M.E., vol. xi., p. 404. 

X Bauer, Jahrhuch /. d. B. u. H. W. im K. Sachsen, 1894, p. 39. 
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The special treatment of non-argentiferous fume from ore hearths to produce 
a white pigment has been described in Chapter iv., but with ordinary fume 
and flue-dust the object is simply to return it to the ore furnace, so as to 
obtain its lead and silver contents in the form of metal. 

Formerly the commonest way of handling flue-dust was to wet it down, 
forming a kind of mortar, which, after partial air drying, were fed back 
into the furnace. Flue-dust from roasting furnaces, which commonly con¬ 
tains a good percentage of zinc sulphate, sets fairly hard when moistened, 
but the ordinary flue-dust has little coherence unless previously ignited. At 
the BroJcen Hill plants, however, where lead is cheap and fuel and labour 
is dear, this was, until quite recently, the only method adopted for handling 
the flue-dust, although much of it was quite obviously blown out again by 
the blast unaltered. Nowadays, however, flue-dust is always either fused 
in some form of reverberatory furnace, or bricked. 

1. Fusion. —Where slag- or sinter-roasting was carried on it was a common 
practice to add a few cwts. of flue-dust to the slagging hearth immediately 
before dropping the hot-roasted charge. In this way the mechanical loss 
was small, but the volatilisation loss of lead was heavy. 

At Mazzaron (Spain) the flue-dust is bricked with fine galena, lime, and 
a little sand, before being added to the charge on the last hearth of the rever¬ 
beratory roasting furnace; the object being to still further dimnish the 
mechanical loss in charging and mixing. 

At the Globe Works a small separate reverberatory is used for melting 
down flue-dust, the fumes being all collected and filtered in the bag-house. 
A very good slagged product is made, but the loss of lead (25 per cent.) would 
be prohibitive, were it not for the advantage of being able to save it all by 
filtering. 

2. Bricking. —This is by far the most common method of handling flue- 
dust, and fine ore and roasted matte are frequently bricked together with 
the flue-dust. The principal binding material employed is slaked lime in 
the proportion of 2 to 10 per cent., which is mixed with the flue-dust in a 
pug-mill and bricked either by hand (in which case they are tender) or by 
machine. Clay as a binding material makes stronger bricks than lime, but 
is objectionable on account of introducing extra siliceous material into the 
charge. At El Paso, 5 per cent, of clay was formerly mixed with the flue- 
dust in a pug-mill, and the bricks were made by hand and air-dried; they 
stood a fair amount of handling, but the cost was 12s. per 1,000 bricks of 
ordinary size. Pan sli?nes were used instead of clay at Tombstone (Ariz.) 
by Church.* 

Among other binding materials may be mentioned green vitriol, used by 
Hahn (the objection to which besides its cost is the addition of sulphur to 
the charge) and dilute sulphuric acid used by Eurich, which acts by the for¬ 
mation of basic sulphates and their “ setting.''^ Sugar waste (coarse molasses) 
has been used at Deadwood by Carpenter,f who found that it gave good 
results, besides improving reduction. 

At Laurium (Greece) J the flue-dust produced, which contains 40 per 
cent. Pb and 15 per cent. As, is mixed with slimes from the dressing works, 
and screened raw ore-fines, in heaps of 60 tons and about 4 feet in height 

* Trans. A.I.M.E., vol. xv., p. 611. f Ihid., vol. xxx., p. 1137. 

% Private Notes, 1904. 
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These are watered with a hose, and shovelled into soft-mud auger-type 
brick-machines with two nozzles, 6x4 inches, the bars being cut by wires, 
so as to make bricks of 22 lbs. each, which, after air-drying for two days, 
are stacked in heaps. 

At Goslar the hue-dust is rich in zinc oxide, which is first leached out 
with dilute sulphuric acid, and recovered from the liquors as white vitriol, 
while the residue containing the lead and silver is bricked for smelting. 

Much stronger bricks can be made with a smaller proportion of 
binding material when machines which exert a powerful pressure are em¬ 
ployed. There are two chief types of machine—the Chisholm, Boyd <Ss 
White Mineral Press ,in which a heavy roller presses the slightly damp 
mixture into hollows formed in a revolving mould wheel, which are succes¬ 
sively presented under its periphery, and the White and Boyd type presses, 
in which plungers are driven into cylindrical moulds by toggle joints or 
cams, or by a combination of both, the pressure frequently amounting to 
as much as 2 tons per square inch. Both of these types of machine have 
been described in Chapter ix. 

At the Germania Works t (Salt Lake, Utah) the flue-dust is mixed in a 
slightly damp condition with enough slaked lime to make 5 per cent. CaO- 
in the final brick, and is then fed into the hopper of a Mineral Press, which 
forms flat circular cakes about 4 inches diameter, weighing 3 lbs. each, at 
the rate of 4,200 per hour, equivalent to 55 tons in a 10-hour shift. These 
can be used in the furnace after only two days air-drying, but are better 
left for a week. 

At the Selby Works (San Francisco) the briquetting plant for flue-dust and 
fine ore consists of a 7-foot Chilian mill for grinding and mixing, and a 
Boyd four-mould brick press, the total capacity being 75 tons in ten hours. 

At Pueblo (Colo.) the flue-dust is mixed with 5 per cent, of lime, and 
briquetted in a six-mould White press. 

In all cases the strength of bricks containing a considerable proportion 
of flue-dust can be increased by burning or firing. 

At Smelter No. 3, Monterey,% the flue-dust is mixed with about 15 per¬ 
cent. of clay and bricked by hand at a cost of only 3s. per 1,000 bricks, but 
in order to give the bricks sufficient strength they are stacked in an ordinary 
brick kiln and lightly burned, in which partial roasting a considerable quantity 
of SOo and As.>0<^ are eliminated. The composition of the burnt bricks is 
given in Table XXXVIII. 

At the Broken Hill Block 14 IFor/c5,§ Greenway briquetted flue-dust with 
fine ore in a semi-dry press after pugging with milk of lime in a horizontal 
pug-mill, and then stacked the bricks in kilns of 30 to 50 tons capacity, 
and fired them during three to six days. The total cost of the operation 
was from 4s. to 6s. per ton of material, and the bricks were very strong. 

* See Figs. 193 and 194, Chap. ix. t Private Notes, 1897. 

J Private Notes, 1902. § B. and M. J., 1905, vol. Ixxix., p. 73. 



SECTION III.—DESILVERISATION. 


INTRODUCTORY. 


The distiDction between argentiferous and non-argentiferous lead ores lias 
been already emphasised (Chapter ii.); as also the fact that the latter are 
usually much purer and more free from base metals. Thus the lead obtained 
from Missouri and Wisconsin lead ores (as also a part of that from Spain 
and Germany) is comparatively free from silver, as well as fi'om base metals, 
and can, therefore, be manufactured almost as it leaves the smelting furnac‘c 
after a simple poling,'' or at most a few minutes blowing " with a steam 
jet followed by dressing. All the lead produced in blast furnaces from 
complex ores, however, as well as a large part of that produced in rever- 
beratories, contains at least sufficient silver to pay for its extraction, even 
if, indeed, the silver contents be not more valuable than the lead itself, as 
in the case of Freiberg, Colorado, and Broken Hill ores. 

Classification of Methods.—The desilverisation of lead bullion may 
be performed by three difierent methods—vix., 1, Cupellation; 2, the 
Pattinson process; and 3, the Parkes process. The first method, though 
the simplest, is the most expensive for labour and the most wasteful of 
material; yet it may still be adopted with advantage, in spite of its high 
losses, for the treatment of rich lead in very inaccessible districts where 
silver is really the valuable metal sought, and lead (owing to the heavy 
freight) almost valueless. Such conditions still prevail in a few parts of 
Mexico and in the mountainous districts of S. America and elsewhere. In 
such cases it is sometimes advisable to adopt a direct cupellation process, 
which turns out the silver at once in a portable form, while the litharge is 
either reduced to metal in an open hearth or simple furnace, or, more com¬ 
monly, is utilised as a source of lead in smelting silver ores. 

Direct cupellation has the advantage that it can be carried out, if necessary, 
with no other material than clay or sun-dried bricks, no other fuel than 
brushwood, and no other blowing machinery than a common blacksmith's 
bellows. For further information as to simple cupellation hearths, two 
papers by Austin,* and one by the author f may be consulted with advantagii. 

In all cases, however, where fuel is cheap and the country moderately 
accessible by means of railways or good roads, the direct cupellation process 
should be replaced by either the Pattinson or the Parkes process. An 
example of a case where this was not done at the proper time is afiorded by 

* Trans. A.I.M.E., voL xii., p. 41, and vol. xiii., p. 185. 

t Trans. vol. xii., p. 121. 
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the Las Trojes smelting works in Michoacan, Mexico,* wMch are no longer 
in operation as lead smelting works. Hofman -quotes from Eeick the 
following table, which shows at a glance the comparative disadvantages of 
cupellation as compared with the Pattinson and Parkes processes, and is, 
therefore, worth reproduction. The figures are from the Ems works, where 
all three processes were carried out successively. 



Cupellation. 

Pattinson. 

Parkes. 

Cost of treatment per ton, units, . . . i 
Amount of lead to be cupelled, units, . . i 
Percentage recovery of lead and silver. 

Silver lost in the lead, ozs. per ton. 

Traces of gold,. 

3 

100 

94 

0-73 

lost 

u 

13“ 

98 

0-58 

lost 

1 

5 

99 

0-17 

recovered 


Electrolytic processes are referred to in a separate chapter. Only one 
of the many methods tried experimentally has been commercially successful, 
and as yet it has only been adopted in two or three works. 

Practically speaking, therefore, the desilverisation of lead upon a large 
scale is almost invariably carried out by either the Pattinson or the Parkes 
process. Both are English processes, and both have been brought to their 
highest state of perfection in this country, but unfortunately the traditions 
of English smelters and refiners have always led them to keep their operations 
as secret as possible, even in cases where their foreign competitors have 
already copied most of the features that are worthy of imitation.f Few 
particulars, therefore, are available as to English practice, and the descrip¬ 
tions of plant, &c., must be mostly drawn from foreign localities. 

Influence of Impurities on Desilverisation. — Almost all the 
impurities in the work-lead interfere, to a greater or less extent, with de¬ 
silverisation by either process, although, generally speaking, the Parkes 
process requires a purer lead than the Pattinson. 

The most harmful impurity is arsenic^ which, even in small proportion, 
is fatal to good results ; antimony also, even in small quantity, interferes 
greatly with the Pattinson process, and renders good work in the Parkes 
process impossible. Next in order among harmful impurities come tin, 
zinc, sulphur, iron, nickel, and cobalt. Fortunately, all the above have a 
greater affinity than lead for oxygen, and can, therefore, be eliminated by 
simple oxidation at a low red heat and skimming the molten bath. 

Copper, which is, perhaps, as common an impurity as any of the above, 
has much less affinity for oxygen and is only imperfectly got rid of by oxi¬ 
dising influences. It forms, however, with part of the lead itself an alloy 
which is much less fusible than the remaining and purer lead, and, therefore, 
the bulk of it can be readily eliminated by means of a process of liquation 
or slow melting down, a smaller proportion, by subsequent cooling, gradually 

* Proc. Inst. Civ. Eng., vol. cxii., pp. 146, et seq. ; 165, ei seq. 

t An amusing reference to this condition of affairs is to be found in the concluding 
remarks of the presidential address of Dr. R. Pearce (himseff an Englishman and a pupil 
of Dr. Percy) to the American Inst, of Mining Engineers in June, 1889. Trans. A.I.M.E., 
vol. xviii., p. 72. 
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xising to the top as a second crust or dross, which, can he skimmed off. The 
first dross, besides copper, contains also most of the metals of the iron group 
contained in the lead, as well as some arsenic, sulphur, and tellmium, if 
present.* Copper is not specially harmful in the Pattinson process, but 
greatly interferes with the Parkes process, increasing the time and the con¬ 
sumption of zinc. 

Bismuth has distinctly less affinity for oxygen than lead itself, and cannot 
be readily separated from it; fortunately, this metal.does not interfere at 
all with desilverisation, even in the proportion of 2 per cent., as shown by 
the experience at Freiberg. Zinc is a rare impurity in furnace-lead, except 
in minute traces, but is contained in considerable quantity in lead which 
has been desilverised by the Parkes process, and must be got rid of by oxida¬ 
tion before the desilverised lead is marketable. 

The process of desilverisation adopted must, therefore, be preceded by 
a process of oxidation to remove impurities, which is called ‘‘ softening,^' 
or sometimes, in England, ‘‘ improving ” ; while the Parkes process is followed 
by another similar oxidation to remove zinc, which is usually called “ refining, 
or, sometimes, ‘‘ dezincing."" Both operations require similar plant, and 
may be conveniently described together in a single chapter. The concentra¬ 
tion of precious metals in rich lead by the Pattinson and Parkes processes 
follows in two separate chapters, and, lastly, the cupellation of the rich lead 
and refining of the silver. 

As an alternative to the combined softening and desilverisation by 
ordinary methods, Eosing-f* experimented at Tarnowitz (Silesia) on a Bes- 
semerising process in a converter, with basic lining, taking charges of tons. 
By this means lead containing 12*4 ozs. silver was almost entirely converted 
into a fume containing 75 per cent, lead and 2*4 ozs. silver per ton, the residual 
rich lead carrying 1,863 ozs. to the ton. The author has not succeeded in 
learning any later particulars as to the practical working of this process, 
but the losses of lead and silver consequent on the re-treatment of so large 
a quantity of flue-dust would seem to be a fatal objection. 

* Tellurium is found in notable quantity in the dross from base bullion produced at 
Pertusola (Italy), v, Heberlein, Berg- u. Hiittenm, Zeituny, 1895, p. 41. 

t See E. and M. J,, April 16, 1892. 
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SOFTENING AND REFINING FOR MARKET. 

The softening of lead as a preliminary to desilverisation may take place 
in cast-iron kettles or in reverberatory furnaces. The former are suitable 
for softening lead practically free from antimony and arsenic, and containing, 
only small proportions of copper. The latter are much more commonly 
employed, since they are adapted to the softening of more impure lead, 
containing large quantities of copper, arsenic, and antimony. When lead 
contains | per cent, of copper and upwards, as at Freiberg and Przibram,, 
it is sometimes considered advisable to preface the ordinary softening process 
by liquation in a special liquation furnace with inclined bed, the lead gradually 
draining out into a kettle, from which it can be tapped or syphoned intO’ 
the softening furnace. The same object, however, can be attained by a 
very gradual melting down in the softening furnace. In any case, the 
rapidity with which softening proceeds depends on the exposure of fresh 
surfaces to oxidation. 

Refining, like softening, may be carried out either in kettles or in rever- 
beratories. In the former, steam is the active agent (Cordurie's process); 
in the latter, atmospheric oxidation is exclusively relied upon, the process 
being slower and, perhaps, less thorough, but on the whole less costly. 

Softening in Kettles.—^At Lautenthal (Upper Harz) * the softening, 
desilverisation, and subsequent refining are all conducted successively in 
the same kettle. Analyses of the work-lead treated are given in Table 
XXXIX.; it is comparatively free from arsenic and copper, and not very 
high in antimony. The kettles used are 6 feet 2J inches (1*90 m.) diameter- 
by 2 feet 11-| inches (0*90 m.) deep, and hold about 15 tons of lead each; 
their arrangement is shown in Figs. 218 and 219. The lower part of the 
kettle is heated directly by the fiame, which then rises through the opening 
shown by the arrow and circulates round the upper part of the kettle in the 
flue, /, before passing, by a downcast, to the principal chimney flue. The 
hood and steam apparatus shown in Fig. 218 is not used for softening, but 
only for refining, for which purpose also a removable cast-iron pipe, p, hangs 
in the kettle and can be connected at will by means of a valve with the steam 
pipe, 5 . 

Softening.—^The charge of 15 tons of lead (containing 0*28 per cent. Cu 
and 0*57 per cent. Sb) is slowly melted down at a low temperature, taking 
six hours, at the end of which time two-thirds of the copper, together with 
all the sulphur and one-half of the arsenic, iron, and nickel, will have risen, 
to the surface as a pasty dross,which is skimmed ofi, leaving, however, 
practically all the antimony behind alloyed with the lead. A sample of the- 


* Schnabel, Handhucli der Metallliftti&nhimdpf vol. i., pp. 451, et seq. 
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lead at tMs point poured into a mould shows, on cooling, a bright white 
frosted spot in the centre of its dull greyish-white surface, which, providing 
the lead has been poured at a low temperature, is an infallible indication 
of the presence of antimony or arsenic, and gradually disappears as the 
impurity is oxidised out. 



Figs. 218 and 219.—Softening and Refining Kettle (Lautcnthal). 


The desilverisation with zinc follows, lasting fifteen hours and removing 
most of the remaining copper, without, however, affecting the antimony. 

Refining.—The cooled desilverised lead, now containing 0*7 per cent, of 
zinc as well as the original 0*57 per cent. Sb, is then heated to a dull red by 
four hours" strong firing, the hood lowered to prevent access of air as far as 
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possible, and steam at 30 to 40 lbs. pressure is blown tbrougb the bath to oxidise 
the zinc. It is impossible to prevent the introduction of air along with the 
steam, and, therefore, some lead and antimony are oxidised together with 
the zinc. In kettle refining, however, the greatest care must be taken to use 
only dry steam, free from condensed water, otherwise dangerous explosions 
may occur ; it is, therefore, a useful precaution to pass all the steam through 
a steam-trap if the pipe from the boilers is of any considerable length, and 
in any case to have a drain-cock in close proximity to the kettle. Steam 
must be turned on very gently to prevent the projection of some part of 
the charge. 

Expulsion of the zinc generally takes about two hours, at the end of 
which time the hood is raised and the oxides skimmed off. The hood is 
again lowered, its four working doors are opened and steam is blown through 
with free access of air to oxidise the antimony, with formation of a thick 
semi-fluid mass of lead antimoniate. This also takes about two hours, when 
fluid yellow feather-litharge begins to form showing the antimony to be 
practically all expelled; after cooling, the lead is then cast into moulds 
by means of the Eosing lead pump."^ 

The yellow powder of zinc and lead oxides is separated by hand huddling 
from the shots of lead, and the most impalpable part of it, which floats away, 
forms, after drying, a good reddish-yellow paint containing 60 to 67 per cent. 
ZnO, the remainder being practically all PbO. In order to avoid so much 
oxidation of lead, Eossler t has forced in, together with the steam, CO 2 , 
which yields a nearly pure zinc oxide ; also a mixture of CO and nitrogen, 
which yields a considerable proportion of the zinc as ‘‘blue powder""— i.e.^ 
in the metallic condition. The improvement has not, however, come into 
general use. 

The great drawback of kettle refining is the wear and tear of the kettles, 
which are rapidly corroded away at the surface of the metallic bath by the 
lead antimoniate. At Lautenthal, cast-iron kettles only last for 20 to 40 
charges; at Tarnowitz, with a lead almost free from antimony, cast-iron 
kettles last for 90 charges; while those of open-hearth steel last 120 to 150 
charges; and those of crucible steel 250 to 270 charges. Whatever their 
material, kettles for these and other purposes should always be cast bottom 
downwards, though the other way up is easier for the foundry ; in practice, 
too, it is found that the best way of buying such kettles is with a guarantee 
that they will last so many charges, with a premium for each extra charge. 

On account of the heavy wear and tear on the kettles, however, the 
method is gradually going out of use, Pertusola and Port Pirie among other 
places having followed the lead of English and American refineries. At 
the present moment it may be said that, apart from a few German works, 
kettle refining has been replaced almost everywhere by the more economical 
refining in reverberatories. The practice at the Pueblo plant will, however, 
be referred to on a later page. 

Liquation of Cupriferous Lead.—At J the work-lead contain¬ 

ing 0*9 per cent, copper and other impurities {v. analysis in Table XXXIX.) 

* Berg- und HiiUenmamiische Zeitwig, 1889, p. 262; also Hof man, Metallurgy of 
Lead, 1906, p. 480. 

t Berg- u. Hiittenmannische Zeitung, 1890, p. 248. 

} Schertel, Berg- u. Hiittenmannische Zeitung, 1882, p. 293. 
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is liquated, together with all the skimmings from the subsequent Pattinson- 
isation, on the hearth of a special furnace very similar to that figured in 
Chapter xvi. The pigs are piled on an inclined hearth of marl, and 
gently heated by means of the flame from a closed grate supplied with blast 
under the bars, so as to burn inferior slack coal. The lead trickles out and 
collects in a pot, from which it is tapped from time to time through a spout. 
In twelve hours 12 tons of base work-lead are slowly melted down in the 
above furnace with a consumption of about 2 tons of slack coal; and from 
4 to 5 per cent, of residues remain upon the hearth, containing practically 
all the sulphur, 93 per cent, of the copper, 96 per cent, of the nickel and 
cobalt, 77 per cent, of the iron, and 25 per cent, of the arsenic of the original 
lead, which, however, retains all its original bismuth, all its tin but 1 per¬ 
cent., and all its antimony save about per cent. The dross melted down 
and allowed to cool separates into three separate products—viz., lead, speiss, 
and matte.* The comparative absence of iron from the two latter, however, 
proves that they are not original furnace products held in suspension by 
the lead, but that the natural aflfinities of S for Cu and of As for Ni, Cu, and 
Pb come into operation to form compounds less fusible than the lead, by 
which they were dissolved in the smelting furnace at a much higher 
temperature. 


TABLE XXXIX.— Analyses of Work-Lead before and 
AFTER Liquation. 



rjautcntluiL 

I<’rciberp:. 


Before 

After 

Before 

After 

Li(iuate(l 
Dross (5 7o)- 


UroHsiujj;. 

Droasinp;. 

Dressing. 

Droasing. 

Reference, 

1 

2 

3 

4 

5 

Pb, . . . . 

Ag, . . . . 

98*96475 

99-1883 

9(i-(i(i7 

97*830 

62*40 

0*1413 

0*1440 

0*549 

0*536 

0*17 

Cu, .... 

0*2838 

0*0907 

0*940 

0*042 

17*97 

Cd, . . . . 

tr. 

none 

.. 



Bi, .... 

0*0082 

0*0083 

0*0()(> 

0*066 

none 

Sb, .... 

0*5743 

0-5554 

0*820 

0*771 

0*98 

As, .... 

0*0074 

0*0032 

0*449 

0*333 

2*32 

Sn, .... 

none 

none 

0*212 

0*210 

0*04 

Fe, .... 

0*0089 

0*0048 

0*027 

0*00() 

0*43 

Zn, .... 

0*0024 

0*0015 

0*022 

0*021 

0*07 

Ni, .... 

Co, .... 

0*0068 

0*00035 

0*0038 

tr. 

1 0*055 

0*001 

1*09 

S,. 



0*200 

0*180 

4*00 

0. 





1*87 

Slag, &c.. 





8*66 


R&ferences ,—I and 2. Hampe, Zeitschr. f. B. H, u. S. W. im Pr&mseny voL xviii., 
p. 203. 3 and 5. Schertel, J5.- u. H. Zeituyig^ 1882, p. 293. 4. By difference from 3 and 5. 

Neither at Freiberg nor at Przihram is the liquated lead sufficiently pure 
to be passed on to th^e Pattinson process without further softening; most. 

* Ibid, 
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modern works, however, treat lead less cupriferous than that mentioned 
above, so that it is possible to purify it sufficiently for desilverisation in a 
single furnace with great saving of time and fuel. Still, at Port Fine, it 
has been found very advantageous to employ a system of two separate, but 
similar, furnaces for drossing and softening, as will be described hereafter. 

Softening in Beverberatories.—The operation consists of two stages 
—viz., drossing and oxidation; the former is a liquation which takes place 
during melting down, the dross which rises to the surface containing most 
of the copper. The temperature is then raised to cherry red, and with free 
access of air tin, arsenic, and antimony oxidise successively, and are removed 
by skimming. 

In Germany and at a majority of works in Europe, softening furnaces 
are still used, in which the hearth is only cooled by radiation through the 
foundation pan; this, formerly always of cast iron, is now usually made 
of wrought-iron plate. 

At Freiberg the charge for the softening furnace is 21 tons, which 
takes thirty-six hours to soften completely with the aid of an air-blast, 
and yields 85 per cent, by weight of softened lead. Three kinds of 
skimmings are taken off, which are sometimes divided into six classes 
as one variety runs into the next. The first skimmings after the melt¬ 
ing down are of a dark yellow colour, contain most of the tin, and are, 
on that account, powdery. They consist mostly of antimoniate of tin and 
stannate of lead, but as oxidation proceeds antimoniates and arseniates 
of lead are found and the skimmings become pasty. All these skimmings 
(ahstrich) are drawn near the door nearest the flue and are called “ tin skim¬ 
mings.'" Fumes of arsenic and antimony then appear, and the former 
element (together with some of the latter) oxidises rapidly to a light brown 
arseniate of lead, which is drawn off with a long iron hoe having a wooden 
blade and called ‘‘ arsenic skimmings." The brown arseniate of lead gradually 
gives place to the almost black antimoniate and the next lot of skimmings 
is called “ antimony skimmings." As the antimony becomes eliminated the 
black is more and more replaced by greenish-yellow litharge. 

So long as there is any perceptible amount of antimony in the lead, a 
sample in a ladle will show globules of black skimmings revolving on the 
unoxidised surface of the metal like grease on water; but when nearly all 
the antimony is “ out " the globules are replaced by a uniform yellow coating 
of litharge which forms quickly. Poured into a mould and skimmed just 
before solidification the bar shows the characteristic even, smooth, blue 
surface and lustre of soft lead. 

At Frzibram the charge is 22 tons, which is softened in twenty-four hours 
with a consumption of 9 per cent, of coal, and yields 81 per cent, of its weight 
as softened lead. 

At modern works the wrought-iron pan is rivetted up to the sides of 
the furnace, forming an iron box which rests upon steel girders or heavy 
rails. Within this box the furnace walls are built up quite thin (9 to 13 
inches), in order to cool as far as possible by radiation, and reduce the corrosion 
of the walls by lead, antimoniate, and oxide ; and in many cases a water pipe 
or small water jacket is employed near the level of the top of the lead charge, 
where the side walls become most seriously affected. Most American furnaces 
are built within two complete pans, having a space between from 3 to 4 inches 
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wide, filled with water; but the cooling effect is then very great and causes 
excessive consumption of fuel to soften the lead sufiSciently quickly. The 




Fig. 220.—Softening Furnace, Montcponi. Side Eievation (part Sectional). 


corrosion of the hearth is never 
serious and air cooling is quite 
sufficient; while the corrosion of 
the walls when water jacketed is 
very easily repaired with common 
clay* or with brasque which is 
tamped in between charges. 

FURNACE CONSTRUCTION. 

The common type of softening 
furnace, which is a simple air-cooled 
box of iron plate, inside which the 
brick lining is built up, resting 
upon heavy rails or I-beams, is 
exemplified by Figs. 220 and 221, 
which show the furnace in use at 
Monte'poni f (Sardinia). Similar 
furnaces are in use at Penarroya, 
Pertusola, and other places, differ¬ 
ing from that figured only in their 
capacity and in small details. 

In England similar furnaces are 
often built of a much, larger size, 



Fig. 221. Softening Furnace, Monteponi 
(Transverse Section). 


furnaces S“°erv ’setter than fireclay lor almost all internal “ patch ” repairs of 

t I’erraris Oest however, may be with advantage mixed in with it. 

p. ^ W"-. 1905. p. 455 ; and E. and it. J., Oct. 28, 1905, 
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taking up to 140 tons of lead, and are sometimes provided with a water pipe-, 
extending round between the shell and the brickwork at the level of the lead 
bath. 

The construction of a 36-ton water-jacketed softening furnace at the 
Port Pirie Works * of the Broken Hill Pro'prietary Co., divested of its binders 
and water connections for simplicity, is shown in Figs. 222 to 226, in which 
a is the hearth separated from the firebox, 6, by an air space beneath the 
bridge, which is supported by a massive casting as shown. The hearth is 
wholly enclosed in a tank of f^-inch mild-steel plate, to the upper part of 
which is attached the mild-steel water jacket of wedge section, detail of 



Figs. 222 and 223.^—Port Pirie Softening Furnace. 


which is given in Fig. 225. The tank containing the hearth is supported 
upon a layer of 80-lb. rails pretty close together, as shown. The water jacket 
has IJ-inch water connections, and handholes here and there for cleaning. 
The position of the taphole is not shown, but Fig. 226 gives detail of the 
cast-steel tapping jacket, the taphole in which is formed by a screw plug 
having a hole through it 1J inches diameter, which is itself closed by a wooden 
plug. In some of the furnaces (the so-called copper furnaces the tapping 
jacket is placed at the side, while in others (the so-called antimony furnaces'") 
it is placed at the end, its exact position being determined by the most con¬ 
venient arrangement of the works. The whole of the furnace outside and 
above the steel-plate tank is enclosed in a close fitting casing of massive 
cast-iron plates J-inch thick, of which the door frames form an integral 
part; and the furnace is also strongly braced with old rails and tie-rods 
* Private, Notes, 1890 ; see also Bayly, Trans. Aust. I.M.E., voL xii., 1907, p. 80. 
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to resist the expansion. The furnace gases pass through the opening into 
a horizontal flue, which, crosses the end of the furnace and leads into an 
independent downtake for each furnace connected with the main under¬ 
ground flue of the refinery. There are three doors on each side of the furnace 
which serve for charging and skimming respectively, and one skimming door 
in the end opposite the firebox. The hearth is built of the best Gartcraig 
firebrick as an inverted arch, and must be laid with the closest possible 
fireclay joints to make it lead tight; the working bottom is similarly built 
as shown in Fig. 224, and tightly wedged against its skewbacks in the side 
walls. Air is frequently admitted through the bridge and roof to accelerate 
oxidation, and sometimes also a blast is used under the grate when inferior 
slack is to be used as fuel. 

The wrought-iron tank, inside which the furnace is built, rests upon a 
course of rails, as shown, and these upon a brick base, which in its turn is 
carried by a foundation of slag poured in from the blast furnaces, so as to 
form a solid block. Detail of the water jacket is shown in Fig. 225; it is 
made in two pieces, as shown, measuring about 7 inches high by 8 inches 
wide. The lower junction of the water jacket with the wall being a weak 
spot is re-inforced or protected by an overlapping apron of the outside cast- 
iron plates extending for 4 inches above the bottom of the jacket, the joint 
between being tamped with fireclay. In order to cool and preserve the 
roof, seven draught holes, 4 inches square, are left in the crown of the arch, 
the inflow of air through which can be controlled at will. Usually they are 
kept closed in the ‘‘ drossing furnace,"^ but open in the “ antimony furnace,"' 
the temperature in which is higher. 

American and English softening furnaces are very similar, except that 
in the latter a simple water pipe extending round the furnace inside the 
iron or steel tank is sometimes used instead of a jacket; and that in the 
former the water jacket is frequently a rectangular box, the inner side of 
which is formed simply by the side of the wrought-iron hearth tank, while 
the top and bottom are of square bar or of channel iron rivetted to it and 
to the outer plate. Figs. 227 to 230 represent an American softening furnace 
with rectangular water jacket, and end taphole passing through an extension 
of the wrought-iron jacket. Other details of the furnace are, in the main, 
similar to those of the Australian furnace previously figured. 

The comparatively high temperature employed in the later stages of the 
softening and, still more, in the refining process (viz., 700° to 760° C.) gives 
rise to a considerable corrosion of the hearth, and particularly of the sides 
of the furnace; the mixture of metallic oxides attacking the lining material 
to form silicates. In order to minimise this corrosion as far as possible, 
the densest aluminous firebricks are employed, set with the thinnest possible 
joints, since raw fireclay is always attacked much more readily than the 
brick. Kecently the employment of bauxite brick for the roof and sides of 
softening and refining furnaces has become a common practice, with the 
result that the lining lasts from five to six times as long as ordinary firebrick, 
while the quantity of slag for re-smelting is much less, and, therefore, costs 
less for re-treatment. Magnesia^ and especially chrome magnesia, bricks are 
also used for the portion of the lining inside the water jacket, extending for 
2 or 3 inches above the level of the lead, and are found to resist very well 
the action of the highly corrosive antimony skiinmings. 
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At Penarroya (Spain), where furnaces of the non-water-jacketed pattern, 
like that shown in Figs. 220 and 221, are in use, holding 45 tons of lead, the 
lining of the sides and hearth of the furnace are of magnesia brick, the sides 
lasting four months and the bottom nine months; the roof is of aluminous 
semi-bauxite brick, and lasts much longer. 

Instead of the water-cooled taphole, closed by a wooden plug, used in 


Transverse Section on E.E 



Fig. 227. Fig. 228. 


Longitudinal Section on C.R 



Fig. 229. 


Horizontal Secrion an A.B 



Fig. 230. 

Figs. 227 to 230.—American Softening Furnace. 

the Australian furnace figured, most softening furnaces have their tapholes 
arranged for an ordinary clay stopping, the premature break-out of which 
is guarded against by an iron plate sliding in a groove at the head' of the 
launder that conducts the hot metal to the dressing and desilverising pots. 
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METHOD' OF WORKING. 

In some few cases (as, for instance, at Penarroya) tlie pig-lead is melted 
down in large dressing pots, tke contents of wliick (after dressing) are tapped 
into tke furnace for softening. It is, kowever, far more usual to melt down 
tke pigs slowly in tke furnace itself. Tke pigs of lead must be introduced 
carefully by means of a “ peel'' or long paddle, so as not to injure tke working 
bottom, and witkin a period of from one and a-kalf to five kours after tke 
ckarging is finisked (according to tke temperature employed) tkey are all 
melted and tke dross ready for skimming. To assist in collecting tke dross, 
a little fine coal is sometimes stirred in, and tken tke dross is all skimmed 
off by a rabble witk long flat bead resting in a kook suspended by a ckain. 
Tke dross is of pasty consistency, and nearly black in colour owing to tke 
presence of CuO; it usually contains from 60 to 70 per cent, of lead wken rick 
in copper (5 to 10 per cent.), but may run as kigk as 80 per cent, lead wken 
tke proportion of copper in tke work-lead is low; its weigkt may vary from 
3 to 6 per cent, of tkat of tke ckarge; it is collected in slag pots or barrows, 
weighed, and wheeled to tke liquation furnace. Wken tke bullion has contained 
tin tke dry tin-arsenic skimmings are next removed in tke same way as tke dross,, 
tke quantity of these, kowever, is usually so small as to be of no importance.. 
Tke antimony skimmings are more fluid, looking like black oily drops upon tke 
surface of tke lead; tke furnace-doors are, therefore, frequently opened to cool 
them, and permit of their more ready removal. Lime is sometimes thrown 
on to cool and thicken tke mass, but this plan interferes witk tke subsequent 
liquation, and is, therefore, but seldom adopted. It is necessary to thoroughly 
stir tke bath at frequent intervals, say at least every kalf-kour, for, otherwise,, 
clean litharge would be shown, and tke surface layer of lead become freed 
from antimony while tkat at tke bottom was still very impure. Stirring 
and skimming must be repeated until tke lead is found to be soft, as shown 
by tke ladle test already described, which is often supplemented by taking 
out a portion of the skimming on a ladle or paddle, allowing to cool, and 
examining tke fracture, which at first is black and glassy. A clean yellow 
colour witk long, flaky crystals of litharge skow^s tkat tke antimony is all 
“ out,'' while a short-grained fracture witk brownish colour or stain here 
and there indicates tkat a little more oxidation is required. Tke texture 
and appearance of tke last skimmings, kowever, are not an invariably safe 
guide unless tke whole be carefully examined, for a considerable portion of 
a skimming averaging 6 per cent, of antimony may show well developed 
flaky crystals of clean litharge, tke antimony appearing to segregate in certain 
portions of a skimming. 

To hasten tke process, jets of steam have been sometimes introduced 
through perforated pipes. These have tke ill effect of increasing tke oxidation 
of lead, and, consequently, tke amount of skimmings produced; a far more 
serious objection, however, is the increased corrosion of tke furnace walls 
through the wave-motion set up in tke bath, and of tke roof through tke 
projection of small drops of lead oxide. By far tke most efficacious method 
of hastening tke removal of antimony is to stir litharge into tke bath at a 
comparatively low temperature, particularly tke rick litharge from tke 
finishing cupels and tke second refining skimmings,. which are very rick in 
metallic lead. This practice results in a considerable saving of time in 
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oxidation, besides affording a convenient means of disposing of these bye- 
products. The softening shimmings ” will vary in amount according to 
the impurity of the bullion ; usually, however, they do not amount to more 
than 5 to 8 per cent, of the weight of base bullion charged. The number 
of separate shimmings (i.e., operations of shimming) to be made will vary 
entirely with the proportion of antimony in the lead; with comparatively 
pure lead only two may be required, but in bad cases as many as eight or 
nine may be run, heeping the charge in the furnace as long as 48 hours after 
the removal of the copper dross, and alternately heating up for oxidation 
and cooling for removal of the shimming. 

The fuel usually employed is coal, the consumption of which varies with 
the degree of impurity of the worh-lead and the size of the furnaces employed ; 
in America, according to Hofman,* it averages per cent, by weight on 
the base bullion treated. If this figure be correct, however, it should certainly 
not stand as a record of econoimeal worh, for the Broken Hill Proprietary 
Company at Port Pirie soften their impure bullion in twenty-four hours 
with a consumption of only 5 per cent, of coal; while at the Hoivdon Worhs 
(Newcastle-on-Tyne) bullion with 3 per cent, impurities is softened in 140-ton 
furnaces with a coal consumption of only per cent, by weight.f Crude 
petroleum or residue oil sprayed by a Korting injector, or, better, by a jet 
of compressed air is used in some American works with good results, the 
consumption of oil being, according to Hofman,J about 2‘7 per cent, by 
weight. 

The average time taken to soften ordinary American lead bullion is 
fourteen hours. In the United States the usual charge is 30 to 40 tons (rarely 
50 tons), and the lead softened thus quickly at a comparatively high tem¬ 
perature is run direct from the furnace into the zincage pots, an arrangement 
found also at some Continental and English works. Hutchings recommends § 
the use of much larger furnaces taking charges up to 140 tons and softening 
slowly at a lower temperature. By this method, even with work-lead con¬ 
taining 3 per cent, of impurities, taking forty-eight hours to soften, the fuel 
(consumption is only about 2| per cent, by weight, as compared with the 
American consumption of about 7| per cent.; the saving in fuel being much 
more than the loss in interest. Hutchings further recommends casting the 
lead from the softening furnace and remelting it in the desilverising kettles 
as affording opportunity for an additional skimming of coppery dross, yielding 
a purer lead and saving zinc. The same object may, however, be attained 
by what is called “ ringing ” the lead, or allowing it to cool gradually in the 
desilverising pot almost to the solidification point, and removing the cooled 
ring for remclting and drossing before heating up the remainder for the first 
zincing; or, as pointed out by Huntington, || by interposing a collecting pot 
between the softening furnace and desilverising pot in which this cooling 
and drossing takes place, bringing down the copper contents of the bullion 
to 0*08 per cent., even when originally containing as high as 0*45 per cent. 
The latter writer further points out that the 140-ton furnaces would be 
out of place in medium-sized works where the softening furnace forms 
only a part of one continuously working whole; though suitable enough 

* Metallurgy of Lead, 190B, p. 445. 

t Hutchings, E. and M. J., Feb. 3, 1896. J Op. ciL, 1906, p. 445. 

§ E. and M. J., Feb. 23, 1895. || E. and M. J., March 30, 1895. 
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for a desilverising plant, pure and simple, working on a sufficiently large 
scale. 

At tke Port Pirie refinery of the Brohen Hill Proprietary Company,^ the 
average bullion treated formerly contained 0*8 per cent. Cu, 0*7 per cent. 
Sb, 300 ozs. Ag, and 5 dwts. gold per ton (v. analysis, No. 7, Table XXIV.); 
now that ores from the deeper levels are worked it is much purer, averaging 
only 0*45 per cent. Cu, 0*2 per cent. Sb (analysis, No. 8, Table XXIV.). At 
these works two separate sets of furnaces are employed for dressing and 
softening respectively, the latter being built on a slightly lower level, about 
I foot below the former. There are two dressing furnaces arranged length¬ 
wise on the uppermost level, each of which supplies a pair of softening furnaces 
of the same dimensions placed end on. All the furnaces are of the same 
type, and approximately of the same dimensions ; they have been illustrated 
in Figs. 222 to 226. 

The charge for a dressing or “ copper furnace is 36 tons of 2,240 lbs. 
= 40 tons American), which takes about three hours to charge in carefully 
with long paddles, so as not to injure the bottom. As the furnace is kept 
at a very low and uniform temperature, the charge takes about four hours 
to melt down; as soon as this operation is completed the doors are thrown 
open so as to prevent it from getting any hotter, and the dross, which (after 
liquation) weighs about I^ tons, is skimmed ofi. The composition of this 
dross is given in Table XL., and its treatment will be referred to later. It 
is skimmed into old slag pots with a taphole in the bottom, through which 
the lead which drains from it can be tapped into moulds and returned to 
the furnace, by means of a skimmer which resembles a small perforated 
inverted rectangular tray on a long handle. The consumption of coal in 
the copper dressing furnace is 14 cwts. for a charge of 36 tons, or only 2 per 
cent. The “ copper furnace is provided with two water-jacketed tapholes 
on the long side facing the softening or “ antimony"" furnaces, and as soon 
as one of these is ready for a new charge the lead is run into it by means of 
a movable clay-lined iron gutter from the nearest taphole of the dressing 
furnace, any litharge or skimmings which it is intended to add as oxidising 
agents for the antimony being charged at once. 

The drossed bullion sent to the softening furnace now contains Cu 0*125 
per cent.. As 0*094 per cent., Sb 0*18 per cent., Ag 70 to 80 ozs. per ton, and 
Au 1 dwt. per ton. The dressing furnace being kept at a fairly even temper¬ 
ature throughout, the wear and tear on it would be quite slight but for the 
formation of coppery accretions which form at about the level of the surface 
of the bath, and have to be chipped ofi from time to time, for which purpose 
the furnace has to be cooled down; the chippings go to the refinery blast 
furnace. 

The process of softening in the antimony furnace is carried on in the usual 
manner, with alternate hard firings for oxidation and coolings for skimming. 
Formerly, when the lead contained 0*7 per cent, of antimony, five skimmings 
were made, and the process took 18 hours ; now, as a rule, only two to three 
skimmings are taken ofi. The first firing usually lasts about six hours, after 
which the bath is poled and thoroughly stirred by means of iron rakes which 
are plunged down the sides and up the centre. The doors are then thrown 

* PrivatA Notes, 1896; also Bayly, Trans. Aust. M.E., voL xii., 1907, pp. 80, et. seq.y 
and Poole, Queensland Qovt Mining Journal, March 15, 1909* p. 117. 
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open to cool tlie bath, and the first skimming is taken ofi. The fire is then 
cleaned, and another four hours' hard firing given, after which the cooling 
is repeated and a second skimming is taken off ; occasionally only the portion 
of this skimming near the door will he dark and antimonial, the rest being 
clean and free from antimony; more frequently, however, the second 
skimming is all antimonial, and a third small skimming has to be taken off 
to clean the lead. The bath is then allowed to cool off or “ go back " before 
being tapped into the zincing kettles, its composition being Cu 0*10 per cent., 
As nil, Sb 0*089 per cent. 

Owing to the high temperature and the corrosive effect of the litharge 
the wear and tear on the antimony furnace is heavy, the average life of the 
lining bricks at the level of the litharge being only four weeks. The cutting 
of the brick is rapid until the nose of the water jacket is just exposed, 
after which it is much slower, but it does not do to carry the level of the bath 
much above the level of the nose of the jacket, since the cooling effect then 
becomes too great. The coal consumption is about 22 cwts. per charge of 
36 tons, or just 3 per cent., making a total of 5 per cent, by weight for com¬ 
bined drossing and softening. Each furnace is worked by one man per 
shift. The loss by volatilisation, working at this low temperature, is very 
slight, and the system of using separate drossing and softening furnaces 
has much in its favour besides economy of fuel, for the drossing furnace, 
if carefully handled, lasts indefinitely, and even on the softening furnacjes 
repairs are much lighter, owing to the almost constant temperature at which 
they are kept. The complete separation of copper in the first furnace, 
moreover, much simplifies the subsequent treatment of bye-products, par¬ 
ticularly of the antimony skimmings. Furthermore, the perfection of the 
softening, coupled with the low temperature in the desilverisation pots, 
renders it possible to produce very rich gold and silver crusts, which means 
less lead to be cupelled and smaller losses of silver, less dross is also produced 
in the retort. 

A somewhat similar method is in use at Hoboken (Antwerp)* for treating 
a base antimonial and arsenical coppery bullion containing 5 to 6 per 
cent. Sb, 2 to 3 per cent. As, and 0*5 to 1*0 per cent. Cu. Before softening, 
it is liquated in a separate liquating furnace, where it yields a dross of the 
composition given in Table XL. The liquated bullion then goes to the 
ordinary softening furnace to remove antimony. 

At Fenarroya (Spain)t the furnace work-lead is melted down slowly in 
50-ton drossing kettles, where a coppery dross is removed, and is then brought 
to the softening furnace in 25-ton ladles handled on trucks by a locomotive, 
and from the trucks to the furnaces by means of a fixed lift. Before the 
charge of 45 tons lead is run into the softener from the ladles, about half 
a ton of zincy powdery litharge from the refining furnace is put into the 
furnace, which much assists in the expulsion of antimony. Softening takes 
twelve hours, and yields from 1 to 2 tons of skimmings. 

The composition of various samples of dross and of antimony skimmings 
is given in Table XL. 

When treating work-lead rich in gold, such as is produced regularly 
at certain Australian works and occasionally at some American plants, the 
dross from the softening furnaces is also quite rich in that metal, and richer 
* Firket, Ann. des Mines de Belgique, 1901, p. 237. t Private Notes, 1908. 
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tke Mgliei the proportion of copper in it. Thus when treating work-lead 
carrying an average of 12 ozs. of gold per ton, and producing drosses with 
an average lead content of about 67 per cent., if the copper present in the 
dross is only about 1 per cent., the gold assay of the dross will not average 
much above 2 ozs. per ton, whereas when the dross contains 4 or 5 per cent, 
of copper its assay in gold will run up to 5 or 6 ozs. per ton. In order to 
avoid locking up precious metals in this product and throwing them back 
to be exposed to the losses of blast-furnace treatment, at some smelting 
works, according to Hofman,* galena is added to the softening furnace 
with the object of transforming the dross into a matte which is much lower 
in silver and particularly in gold. This modification, however, does not 
appear to be particularly good practice, inasmuch as the temperature of the 
softening furnace during the dressing operation, if this be conducted so as 
to give the best results, will not be high enough to form a matte, and it would 
seem better to treat the dross separately with galena, as described on a 
subsequent page, returning the bullion thus reduced to the softening furnace. 

TABLE XL.— ^Analyses of Copper Dross and Antimony 
Skimmings. 



Copper Dross. 

ANTIMONY Skimmings. 

Globe, 

Denver. 

Port Pii'ie, 
Liquated. 

Hoboken, 

Antwerp. 

Globe, 

Denver. 

Port Pirie. 

Hoboken, 

Antwerp. 


Before 

Liqua¬ 

tion. 

Liquated 

Reference, 

1 

2 

3 

4 

5 

6 

7 

8 

Pb, . . 

53-0 

50-0 

77*5 

67-70 


74*0 

50-65 

72*50 

Ag, . 

, . 

0*257 


0*18-0*36 



0*09-0*27 

.. 

Cu, . 

18*2 

26*8 

8*0 

14-16 

*4*1 

.. 


0*29 

Sb, . . 


0*18 

0*7 

2-4 

17*0 

10*7 

15-28 

6*91 

As, 


7*31 

0*7 

5-8 

1*1 

1*0 

0-1-0-5 

1*65 

Zn, 



1*2 


0*9 




S, . . 

2*0 

3*6 

4*3 


5*7 




Pe, . . 

1*2 


1*0 

0*^2 

4*3 



0*29 

AUOs, 

., 

., 

.. 


., 



0*87 

Cab, . . 



.. 




• • 

1*10 

Insoluble, . 

0-6 

4-8 

2*1 

4*8-7*2 

3*8 


•* 

4*10 


References ,—1 and 5. Hes, Metallurgy of Lead. 2. Private Notes, 1897. 3 and 0. 

Delprat, Trans. Aust. I.M.E., vol. xii., 1907, pp. 1-27. 4 and 7. Firket, Annates des 
Mines de Belgique, 1901, pp. 237, et seq. 8. Paddington, Journ. Ch. and Met. 8oc. 8. Africa, 
1903 ; iii., pp. 207-210. 

Eefining in Kettles. — Refining at Lautenthal has been already 
described. Whenever the work in the softening furnace has been very 
thoroughly done, the lead, after desilverisation, may be economically refined 
in pots, as it is antimony and not zinc which brings about the greatest 
destruction of pots. 

At the Fort Firie refinery, kettle refining was until recently practised.f 
The kettles (here called “ pans '*") were 8 feet 6 inches diameter and 3 feet 

♦ Of. cit., 1906, p. 435, 

t Private Notes, 1896 ; see also Delprat, B. and M. J., March 16, 1907, p. 518. 
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4-| inclies deep, holding, when full, 30 tons each; they were provided with 
movable steam pipes reaching to the bottom, and with a hood similar to 
those at Lautenthal. The life of each pot was about thirty-five charges, 
or about 850 tons of lead refined, the thickness of cast iron being 1| inches 
at the bottom and 1J inches at the rim, and the weight, when new, 52 cwts. 
•each. Steel kettles have been tried, but were not a success—possibly on 
account of poor quality of steel. 

The usual charge for one of these kettles was about 24-J tons of desilverised 
lead from the zincage pots, containing 0*67 per cent. Zn, which, by strong firing, 
was brought to a dull red heat; the hood was then lowered and steam blown 
through for four hours, at the end of which time the lead had become com¬ 
paratively cool; the hood was then raised so as to’remove the first “ refining 
skimmings,"" which amounted generally to about 2,400 lbs. (or, say, 5 per 
cent, of the weight of lead charged) and contained 75 per cent, lead and 
15 per cent. zinc. The lead was then again heated red hot and steam again 
passed for half an hour. The second skimmings then removed weighed 
about 350 lbs. and contained only 0*5 per cent. zinc. The lead was then 
maintained at an even temperature and cast when convenient. As a rule, 
•each charge took about sixteen hours to work off (including casting) and 
consumed about 12 cwts. of coal, or 2| per cent, of the weight of lead charged, 
(according to Hofman,*^ 6 per cent, is required in American works). 

At the Pueblo Smelting Works (Pueblo, Colo.) similar kettles to those 
jit Port Pirie are in use, but somewhat smaller—viz., 8 feet 1 inch diameter 
by 3 feet deep, and holding 20 tons apiece; the flanges have two concentric 
raised rings, between which the hood comes down to make a joint. The 
lead is raised to a cherry-red heat, which takes three hours, and steam is then 
turned on for two hours, producing about 1,700 lbs. of oxide skimmings, 
which are removed by the Howard skimmer.j* 

On account of the heavy wear and tear of kettles already referred to in 
■discussing the practice at Lautenthal, and inseparable from the temperatures 
of 700° to 760° employed, the method has been given up almost everywhere, 
for instance at Monteponi (Sardinia) and Peuarroya (Spain), at both of which 
])laces furnaces are now employed similar in all respects to those used for 
softening. 

Refining in Reverberatories.—The same furnace is used for softening, 
but it is frequently made 3 inches shallower. The desilverised lead is 
•syphoned into it by means of the Steitz lead syphon made of gas pipe, one 
form of which is shown in Figs. 230 to 231, or by means of the Rosing lead 
pump, if the works are on a level. The mode of operating is similar to that 
in the softening furnace, except that a higher temperature is necessary, 
and that zinc, and not antimony, is the principal metal to ,be oxidised. The 
last traces of antimony, hoAvever, when the lead has not been thoroughly 
■softened, are very difficult to remove in refining, and, therefore, a lead con¬ 
taining 0*6 per cent, of zinc and 0*3 per cent, of antimony will yield as much 
as 4 or 5 per cent, of skimmings containing about 90 per cent, of lead. These 
skimmings are removed in separate ‘‘ heatings,'’" the doors being thrown 
open for a time to cool the skimmings and render them easier to remove. 
Three heatings are usually required, taking about twelve hours, after which 
the litharge drawn from the surface of the bath should be bright yellow and 
* Op. ciL, 1906, p. 468. f Mineral Industry, ii., p. 440. 
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free from brown spots (antimony). Steam is now rarely used in refining 
furnaces, for tlie same reasons as have been giveja in connection with softening 
furnaces. The wear and tear on refining furnaces is much heavier than 
on softening furnaces, in consequence of the higher temperature necessarily 
employed, and much trouble is caused by the formation of zinc accretions 
at the level of the bath, which have to be chipped out at somewhat frequent 
intervals. 

The furnace employed at Pemrroya is of the pattern shown in Figs. 
220 and 221, it holds 40 tons of desilverised lead, and has no water jacket, 
but the hearth and sides are built of magnesia brick, which lasts from 2 J to 

3 months on the sides, the roof being of aluminous semi-bauxite brick, which 
lasts 10 to 12 months, as also does the magnesia hearth. Eefining and 
casting here take only twelve hours together. 

At the National f plant (S. Chicago) reverberatory furnaces of two sizes 
are used for refining, the charge being either 28 tons (finished in four to five 
hours) or 80 to 90 tons (finished in eight to ten hours). Steam is introduced 
through J-inch iron pipes, of which there are four in the small and eight in 
the large furnaces. The first skimmings contain much antimony, and are 
smelted together with the softening skimmings, the zincy litharge which 
follows is reduced in a reverberatory to a second quality lead. 

The present practice at Port Pirie J is to refine in a furnace exactly like 
the softening furnace, and the refining, like the softening, is conducted by 
means of alternate heavy firing to oxidise, followed by cooling to take off 
skimmings, here called “ lead dross.^" Two skimmings are usually made, 
after the first and before the second the lead bath is tested for softness by 
stirring up, ladling out a sample, skimming with a board, pouring into a 
taper mould 8x2x1 inches, and again skimming. Antimony is shown 
by a frosted white spot in the centre of the cooled surface, zinc by fern-like 
crystals on the surface, and by the absence of the characteristic iridescent 
blue tarnish which is only obtainable with pure lead. The first skimming 
is usually removed after about five hours' hard firing and half-an-hour's 
cooling, after which the furnace is again fired hard. The total time required 
for the refining process is from 12 to 16 hours, and the coal consumption is 

4 per cent. The refining dross contains Pb 85 per cent., Zn 11 per cent., 
Ag OT to 0*2 oz., and is sent back to the refinery blast furnace. 

The average composition of the market lead produced at Port Pirie 
during one whole year was as follows Cu 0*00026 per cent., Ag 0*00096 per 
cent., Zn 0*00187 per cent., Sb 0*00325 per cent., Pb (by difference) 99*99366 
per cent. 

Casting.—The operation of casting (or moulding " as it is often termed) 
from refining kettles is a simple one, the syphon employed being more or 
less similar to that shown in Fig. 231, the flow of which can be slackened 
or stopped entirely by raising the end of the movable arm. In use, this 
syphon must be firmly clamped to the kettle by means of two hoops which 
encircle it. 

The form of syphon figured is, however, old-fashioned; the more modern 
form has a stopcock on each arm, and the outer end, instead of having upon 

! ^^^^* t Pufahl, E. and M. April 14, 1906, p. 718. 

JBayly, Tram. Amt. M.E., vol. xii., 1907, p, 90; and Poole, Queensland Govt, 
M%mng Journal, March 15, 1909, p. 118. 
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it a loose joint with delivery pipe attached, delivers into a cup upon the end 
of a long independent horizontal pipe which swings radially and can, there- 



Fig. 231.—Lead Syphon. 


fore, deliver into a semi-circle of 
moulds while the flow from the 
syphon remains uninterrupted. 
The stopcocks on the syphon are 
for filling, which can only be 
done after the syphon itself has 
become thoroughly heated by 
lying upon the molten lead in 
the kettle for some time before 
it is required. 

When the lead has been 



refined in a reverberatory fur¬ 
nace, it may be cast direct from 
the furnace. The apparatus 
used for this purpose is shown 
in Fig. 232. This method of 
casting has obvious advantages, 
but it has the grave disadvan¬ 
tage of requiring the refining 
furnace to be cooled down for 
moulding with a loss of, at 
least, the two hours required o 
heat it up again, besides the 
increased strain on the furnace 
and wear and tear of the 


Fig. 232.—Apparatus used in direct casting. 


Sect:on on A3 



lining. Hence it is decidedly Pigs. 233 and 234.—Mould, 

preferable to tap into a warmed 

market-pot and cast at leisure when the lead has attained the right 
temperature, either by means of the Steitz syphon or of the Bosing 
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lead pump.* The moulds used are arranged 40 to 60 at a time in a great 
semi-circle round the end of the radially-moving end of whatever casting 
apparatus is employed. Sometimes they are mounted on wheels, like those 
shown in Eigs. 233 and 234 ; nowadays, however, the ordinary form of mould, 
shown in Eig. 195, is often employed, arranged upon a semi-circular frame, 
so as to he readily inverted for delivery of the pigs upon the floor. 

At Fort Pirie the merchant kettle, into which the lead from the refining 
furnace is tapped, is of 35 tons capacity. The usual type of syphon is used, 
made of 1 J-inch pipe, J inch thick, and two sizes of bars are made, one being 
the usual 100-lb. size for the English market, for which the lead lowest in 
silver is selected, and a 200-lb. size for the Chinese market, for which is used 
lead containing up to i oz. silver, since such small silver contents are 
considered in the price by the Chinese purchaser. 

Some data with reference to softening furnaces at different works are 
given in Table XLI. 

TABLE] XLI. —Work Done in Softening and Defining Eurnaces. 



Freiberg, 

Saxony. 

Omaha 
and Grant, 
Omaha, 
Neb. 

Port Pirie, 
S.A. 

Howdon 

Works, 

Newcastle 

-on-Tyne. 

Reference, .... 

1 

2 

3 

4 

Softening — 






Weight of charge in furnace. 

tons, 

21 

45 

36 

140 

„ dross removed, . 


, , 

• • 

U 

.. 

„ skimmings produced. 

cwts. 



36 


Number of hours in furnace, . 

, 


i2 

27 

48 

Percentage of softened lead, 

, 

85 


86 


Weight of coal used per charge, 

tons. 

.. 

li 

li 

.. 

Percentage consumption of coal, 



3-3 

5-2 I 


Men employed per 24 hours. 



3 

3 


Percentage of antimony in skimmings, . 



10 


Refinhig — 






Weight of charge. 

tons. 

.. 


30 


„ skimmings removed. 

cwts. 

., 


24 


Percentage of market lead. 

. 



95 


Time taken in refining, 

hours. 

*9 

12-18 

16 


Percentage of Zn before refining, 


0-75 


0-70 


„ „ after „ 

. 

0-0002 


0-00015 


Silver in market lead. 

per cent., 

0-0007 


0*0009 


„ „ „ dwts. per ton. 

4J 

.. 

54 


1 Percentage consumption of coal. 



6 




References, —1. Plattner, Oesterr. Z. /. B. u, H. TF., 1887, p. 421. 2. Private com¬ 
munication. 3. Private Notes, 1896. 4. B. and M. J., Feb. 23, 1895. 

Bye-products of the Softening Furnace.—The ordinary bye-pro¬ 
ducts of the softening'[furnace are two—^viz., copper dross and antimony 

* This appliance, but rarely seen in recently laid-out works with proper fall, is to 
be found at many old European works originally laid out upon a level for hand work 
only, see Berg- u. Huttenmanniscke Zeitung, 1889, p. 262. 
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skinunings; sometimes, as at Freiberg, a tKird iatermediate product of 
‘‘ tin skimmings,'' but usually traces of tin go into the ordinary antimony 
skimmings. 

Copper Dross.—This is usually worked up by liquating at a low tem¬ 
perature in a liquating furnace, which is frequently built like a small softening, 
furnace, but kept only for treating the bye-products. After as much lead 
has melted out as possible, the dry dross floating on the metallic bath ia 
raked oS, and a fresh charge of dross added; the lead is tapped out into a. 
pot from time to time, and goes back to the bullion-softening furnace. 

The liquated dross varies in composition according to the nature of the 
bullion from which it has been derived; some analyses of this substance- 
have been given in Table XXXIX. It usually contains about two-thirds the 
silver contents of the unsoftened bullion, and, perhaps, 80 per cent, of lead, 
with 10 or 12 per cent, of copper. The way in which gold becomes, 
concentrated in copper dross, owing to the strong affinity of copper for gold 
is remarkable, the dross frequently assaying higher in gold than the bnllipn 
from which it is derived. 

It is usually smelted in the refinery cupola to copper matte, together- 
with sulphide ores or, preferably, as at Fort Pirie, with low grade ore-matte, 
which it raises in copper contents, at the same time that a comparatively 
clean work-lead is produced carrying most of the silver and gold in the charge.. 

At Fenarroya the dross from the softening furnaces after liquation and 
the retort drosses from the Parkes process are smelted in reverberatory 
furnaces enclosed in iron pans, together with sufficient galena to form a 
matte which contains all the copper, the lead reduced, carrying practically 
all the silver, being returned to the softening furnace. 

At the National plant (S. Chicago)* the copper dross is smelted in rever- 
beratory furnaces, together with 80 per cent, by weight of galena for work- 
lead and 35 per cent, copper matte. The latter is enriched to 55 per cent.. 
by resmelting with roasted matte, and is then smelted in a reverberatory 
concentrating furnace to 95 per cent, copper, which is cast into plates and 
used in the parting process. 

Antimony Skimmings.—These are also first liquated, with the double¬ 
object of extracting the shots of metallic lead mechanically entangled, and 
of desilverising the skimmings, which, before liquation, contain 6 to 15 ozs. 
silver per ton with base bullion of 300 ozs. Frequently the same furnace 
is employed as that used for liquating dross, the flame being made as smoky 
as possible in melting down, in order to reduce lead and carry down the 
silver; a little fine coal is also thrown on the surface of the bath with the 
same object. The contents of the furnace are tapped into a large overflow 
pot with a spout, in which the lead collects, while the liquated skimmings.. 
overflow into slag pots. An antimonial lead-copper speiss is often found 
beneath the cones of cooled skimmings, which is worked up by smelting 
with the dross. When the bullion softened is exceptionally rich in gold 
(say 10 to 15 ozs.) the antimony skimmings will also be comparatively rich 
in that metal, and carry sometimes from 1 to 2 ozs. per ton. This can be, 
however, pretty thoroughly eliminated and carried down in the lead reduced 
by using more coal than usual in the liquating or smelting furnace, as- 
aubsequently described. 

♦ 6. Pufahl, Oest. Zeiis. f. B, u. H. F., 1905, p. 400. 
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The liquated skimmings, now containing only 2 to 3 ozs. of silver per ton, 
are smelted with a calcareous slag from a previous campaign in a small water- 
jacketed cupola, together with sufficient galena to reduce all the antimony 
and lead in the skimmings to metal without forming matte. The slags 
produced being fusible, about 11 per cent, only of fuel is usually required 
on the charge, but generally as much old slag is used as new skimmings. 
Too ferruginous a slag and too high a reduction is liable to give rise to the 
formation of an antimonial speiss containing up to 30 per cent. Sb. The 
resulting products are hard lead or antimonial metal, containing from 7 to 
25 or more per cent, of antimony, and an antimonial leady slag, which is 
saved for the next campaign. 

The crude hard lead usually contains a good deal of copper, and is best 
melted down at a low temperature and drossed to get out as much copper 
as possible ; after which it is poled in the tap kettle to remove the remainder, 
and sold to typefounders or used fox making alloys like Babbitt and Britannia 
metals. 

Instead of merely liquating the antimony skimmings with very little 
reduction of combined lead, it is more common nowadays to smelt them 
in a reverberatory furnace, built like a softening furnace, but never tapped 
quite dry, so that successive charges are dropped upon a lead bath and melted 
down rapidly. The charge consists of raw skimmings, galena, and fine coke 
or coal sufficient in amount to reduce enough lead to thoroughly free the 
refined skimmings from both copper and silver, as well as gold, if present. 
This method is followed at Penarroya,^ Hoboken, and other places on the 
Continent. 

At the National plant, S. Chicago,! antimony skimmings are smelted 
in a reverberatory furnace with coke breeze, producing work-lead and anti¬ 
monial slag, which is reduced to hard lead containing 27 per cent, antimony 
and 0*5 per cent, each of arsenic and copper in a small cupola with eight 
tuyeres. The percentage of copper in this lead could no doubt be reduced 
by making matte in the reverberatory furnace. 

In the United States of America the commonest way of treating dross 
and skimmings from the softening furnace is to smelt both together in a 
reverberatory furnace with a small quantity of galena ore low in silver. The 
products are work-lead, containing most of the silver and gold contents of 
both dross and skimmings; high grade copper-lead matte, free from iron; 
and refined antimony skimmings, comparatively free from both silver and 
copper,! and, therefore, suitable at once for smelting to antimonial metal. 
The furnace has two tapholes, from the upper of which the refined skimmings 
are tapped, the lower one serving for lead and matte. The lead goes to the 
softening furnace and is treated like the ordinary work-lead. 

The copper-lead matte is charged into an English cupelling furnace 
{v. Chap, xvii.) and oxidised, with the addition of siliceous sand or broken 
quartz. The products are lead slag, which runs ofi continuously into slag 
pots, and a mixture of 60 per cent, copper matte with some metallic bottoms, 
which collects on the test. When full, the contents of the test are tapped' 
into moulds; the copper bottoms, containing all the gold of the dross and 

* Private Notes, 1908. t C. Pufahli Oest Zeits. /. B. u, H. W,, 1905, p. 400. 

i AlthoTigli, however, rarely so free from copper as when the dross and skimmings 
iire smelted separately. 



SOFTENING AND REFINING FOR MARKET. 


383 


skimmings, are worked up ky solution processes ; * while the gold-free 
copper matte, rich in silver, is cupelled up to argentiferous metallic copper 
in another hearth, and used as a precipitant for the silver in parting dore 
silver f bullion. In this way all the metallic constituents of these bye- 
products are utilised in the most advantageous way, except the part vol¬ 
atilised, which is rather more than usual, owing to the high temperature 
and intense oxidation of the cupelling hearth. 

At Port Pirie (S.A.)J the antimony skimmings are smelted in a small 
reverberatory furnace built in an iron tank like a softening furnace, but 
without a water-jacket, and measuring 11 feet in length by 6 feet 6 inches 
wide, the nominal capacity being 10 tons. The furnace is provided with 
two tapholes, and twelve charges are run through in twenty-four hours, each 
being composed of 2,800 lbs. skimmings and from 110 to 120 lbs. each (gener¬ 
ally 115 lbs.) of fine coal and of coke breeze; the lead from four successive 
<'harges is allowed to accumulate in the furnace, and is only tapped at every 
eight-hour shift, while the slag accumulates till, at the end of twenty-four 
hours, the whole charge is tapped out into a tap pot. The product from 
each ton of skimmings is 1,200 lbs. of liquated lead containing on an average 
Cu 0*12 per cent, (formerly IJ per cent.), Sb 0*66 per cent, (formerly 1 to 2 per 
cent.), Zn 0*0046 per cent., and all the silver in the skimmings, which, however, 
does not amount to more than about 10 ozs. per ton. The remaining lead 
contents of the original skimmings (except about 7 or 8 per cent, loss by 
volatilisation) are contained in the “ antimonial slag ” (elsewhere called 
“ liquated '' or “ refined ” antimony skimmings) which contains 46 to 56 per 
cent, lead and 17 to 27 per cent, antimony, besides 3 to 7 per cent. As, 0*7 per 
cent. SiO^, and Ag about 2 ozs. per ton. 

The ‘‘ antimonial slag is then smelted with fluxes in an 84 by 36-inch 
10-tuyere furnace, run like an ordinary lead furnace. The regular charge 
is 450 lbs. of antimonial slag, 250 lbs. returned slag from a previous operation, 
100 lbs. ironstone, 50 lbs. limestone, and 10 to 15 lbs. scrap iron, which is 
smelted with 90 to 100 lbs. of coke, blast being used at only 3 to 4J ozs. 
pressure. These charges are run at the rate of one every fifteen minutes, 
or 32 per 8-hour shift, equals 63*6 short tons per twenty-four hours, producing 
70 to 75 bars of antimonial metal per shift, containing from 20 to 24 per cent, 
antimony and 1| per cent, arsenic. Analyses of typical samples of the 
antimonial metal and of the slag are as follows :— 


Antimonial Metal. Slag. 


l>b, . 

76*04 per cent. 

Pb + Sb, 

. . 6*21 pfc 

L* cent. 

As, . 

1*84 


SiOo, 

. 30*5 

„ 

Zn, . 

. 0*13 


FeO, 

. 26*92 


Cu, . ' 

. 0*26 


MnO, 

. 3*80 

,, 

Sb, . 

. 21*42 

99 

CaO, 

. 9*50 


Ag, . 

1 oz. 

per ton. 

AloOa, . 

. 17*58 

ft 


Zn, • 

. 4*97 

» 


The antimonial metal is run into a dressing kettle 4 feet diameter, and 
melted down at a low temperature. A ring or sleeve of iron 3 feet diameter, 
18 inches deep and 1 inch thick, is then floated on top, and the metal inside 

* For a description of which the volume on the Metallurgy of Silver should be con¬ 
sulted. t silver containing gold. 

X Private Notes, 1896 ; also Bayly, Trans. Aust. I.M.E., vol. xii., 1907, pp. 80, et seq. 
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carefully skimmed ; lead from tke furnace lead well is then tapped into the 
pot outside the ring, where the dross rises, whilst, after carefully skimming 
the surface, clean metal is dipped from inside the ring and poured into moulds, 
where it is again skimmed, the bars then being sold to typefounders. 

The composition of some hard leads and hard lead drosses is given in 
Table XLII. 

The treatment of tin skimmings at Freiberg (which contain PbO 70*35, 
SnO^ 12*53, SboO^ 12*50, AsoO.- 4*73, CuO 0*61 per cent., and Ag 70 ozs. per 
ton) consists of a succession of softenings in. a reverberatory and smeltings 
of the skimmings in a cupola, which need not be described here. The final 
product is a desilverised alloy, containing Sn 33 per cent., Sb 14 per cent.,. 
As 1 per cent., which is readily marketable. For details the student may 
consult the original paper of Plattner.* 

TABLE XLII.— ^Analyses oe Hard Leads and Hard Lead 

Drosses. 



Freiberg. 

Lauten- 

thal. 

Przibram. 

Broken 

Hill. 

Pueblo 

S.cfeR.Co., 

Pueblo. 

La 

Tortilla, 

Linares. 

Claustlial 

Dross. 

Reference, 

1 

2 

3 

4 

5 

6 

7 

Pb, . . . . 

81*5 

82-08 

74-886 

78-0 

74-886 

85-5 

22-962 

Ag, . 

.. 

0*003 

0*009 

0*07 

0*008 

0*001 


Sb, . . . . 

15-0 

17*34 

24*270 

20 to 26 

20-550 

11*84 

38*763 

As, .... 

2*5 

,. 

0*109 

1 to2 

0*109 

0*89 


Cu, .... 

trace 

! 0-62 

0*160 

trace 

0*300 1 

1*55 

37-643 

Ni, . . . . 



i 0*015 



0-12 


! Fe, . . . . 


! •• 

0*018 

trace 



0*139 

Zn, . . . . 



0*009 




0-232 

1 Sn, .... 

S, . . . . 

An, ozs. per ton, . 

0*3 


0*524 



2 dwts. 

0-240 

1 

i 

99*3 

1100*043 

100*000 


95-853 

99*901 

99*979 


References .—1. J, /. d. B. u. H. W. in Sachsen, 1883. 2. Schnabel, Handhuch der 
Metallurgie, vol. i., p. 434. 3. Oesterr. Jahrh., vol. xxxix., p. 64. 4. Private Notes. 5. 

Hofman, Metallurgy of Lead, 1906, p. 498. 6. Private Notes, 1908. 7. B. u. H. Z., 1870,. 

p. 169. 

Bye-products of tlie Befining Furnace (or Kettle).—In refining 
there is only one product—namely, refining shimmings —^which is, properly 
speaking, a bye-product of the Parkes process, but may be conveniently 
referred to here. 

These skimmings are mixed with 10 per cent, of fine coal and smelted, 
preferably in an English reverberatory furnace. The temperature is gradu¬ 
ally raised till no more lead runs, when the residues are rabbled, collected, 
and drawn. The lead goes back to the refining furnace, the residues, which, 
besides lead, contain much zinc and some antimony, as well as traces of 

♦ Berg. u. HuUenm. Zeitung, 1883, p. 417 ; also abstract of the same in Schnabel,. 
Handbuch der MetallhnUenkunde, vol. i., p. 431. 
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other metals, are treated together with the softening skimmings, or returned 
to the ore blast furnace together with litharges, &c., as lead flux for siliceous 
ores. 

At Fort Pirie the first and second refining skimmings are treated separ¬ 
ately. The former, containing 75 per cent. Pb, 15 per cent. Zn, and about 
0-3 oz. silver per ton, are treated in the refinery blast furnace, together with 
litharges, mattes, and other products. The latter, containing 96 per cent. 
Pb, 0*5 per cent. Zn, and J oz. Ag per ton, are added to the softening furnace, 
where they assist in the expulsion of antimony. This would seem to be 
about the best possible way of handling these second skimmings. In custom 
smelting works treating chiefly ores of the precious metals, when lead is 
comparatively scarce, refining skimmings are frequently sent back directly 
to the charge of the ore-smelting blast furnaces, in order to utilise the lead 
as collector, and under the circumstances mentioned this is doubtless good 
practice. 

At the National plant (S. Chicago) the refining skimmings still carry 
some antimony, and in order to recover this they are reduced together with 
the desilverised antimony skimmings in a reverberatory furnace with coke 
breeze, the product being sold as second-class hard lead. 

The fact that the refining skimmings have bee)^.already freed from silver 
indicates that their return to the refinery blast furnace or to the softening 
furnace, with the consequent necessity for the subjection of the lead reduced 
from them again and again to the process of desilverisation, is illogical, but 
it is not easy to see a better way of handling this product. 

Befinery Blast Furnace.—One blast furnace in a large plant is 
frequently set aside to receive in addition to the ordinary ore charge varying 
amounts of the following refinery bye-products—^viz., copper dross from 
softening furnace, refining skimmings from refining furnace, litharge from 
cupel furnaces, slag from dross furnace (sweating cupels), old cupel tests 
and retorts, accretions from softening and refining furnaces. In addition 
to the ordinary ore-charge, from 12 to 25 per cent, of the above products 
can be added as an extra, this additional burden serving to increase rather 
than reduce the ore smelting capacity of the furnace. In addition to a 
heavy bullion-fall, a comparatively high-grade copper matte rich in silver 
is generally made in the refinery blast furnace, and ore-matte often forms 
part of the charge. 


25 



CHAPTER XV. 


THE PATTINSON PROCESS. 

This process is based upon tbe discovery made by Pattinson in 1829 tbat 
tbe crystals wbich form during the slow cooling of molten lead are poorer 
in silver, while the still liquid remainder is richer in silver than the original 
lead. This circumstance is explained by the experiments of Reich,* who 
found that small quantities of silver alloyed with lead lower its melting 
point until the silver contents rise to about 700 ozs. per ton (2|- per cent.), 
above which critical point the higher melting point of silver exerts its in¬ 
fluence, and subsequent additions of that metal raise the melting point of 
the alloy. 

In the case of poor leads subjected to cooling from a molten condition, 
if two-thirds be removed as crystals these will be about one-half as rich as 
the original lead, or about one-quarter as rich in silver as the liquid remainder, 
which is ladled out into another pot and allowed to accumulate till there is 
enough for a repetition of the process, or lead of equal tenor from some other 
source is added. By a sufficient number of repetitions the liquid remainder 
from the last crystallisation is raised to about 500 to 600 ozs., when the 
process has to stop, the enriched lead being cupelled. 

Interference of Impurities. — Most impurities of the workdead 
interfere with the process, because they tend to hinder the formation of large 
crystals, besides producing a large quantity of dross. 

Arsenic, antimony, and tin are especially deleterious, the former passing 
chefly into the crystals, while the two latter are to some extent concentrated 
in the liquid leaffi Zinc, also, if present (which, fortunately, is but rarely 
the dase), is fatal, causing, even in small quantities, a reversal of the process, 
the silver going into the crystals and dross, as in the Parkes process. Copper 
is largely eliminated as pot dross, but to a slight extent becomes concentrated 
in the residual lead. Bismuth is very perfectly concentrated in the latter 
(as is also nichel); upon this fact is based the Freiberg process for its 
commercial utilisation. When the lead is practically free from As, Sb, and 
Cu, a simple “poling^" in the pot in which it is melted down and removal 
of the dross is sufficient preliminary purification; but when these impurities 
are present it must be previously softened. 

There are two main variations of the process—namely, Hand and Steam 
Pattinsonisation. In the former a series of eight to fifteen cast-iron pots 
is employed; into one of the central ones the lead is introduced and melted 
down; it is then cooled, with water and by constant stirring, until crystals 
form, which are ladled out with a perforated skimmer into the pot on the 
right, while the liquid lead is ladled into that on the left. In the latter 
* Berg- u. Hiittenmannische Zeitung, 1862, p. 251, 
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process, only two melting pots and a crystalliser are required, stirring is 
done with a jet of steam, and, instead of ladling out the crystals, the still 
liquid lead is drawn off into moulds from the bottom of the crystalliser. 
This process is an improvement on one now obsolete, in which mechanical 
stirrers were employed. 


HAND PATTINSONISATION. 

Plant Employed.—The number of the pots employed varies, according 
to the richness of the lead, from eight to fifteen, all of which are arranged 
in a row side by side to form a so-called “ battery."" Part of such a battery "" 
of Pattinson pots is shown in Figs. 235 and 236, in which A A are the pots, 
h b the fireplaces, c a ring of brickwork which both helps to support the 
pot and separates the fireplace from the annular flue, e, round which the 




flames circulate before passing by the downtakes into the flues, d. It will 
be seen that each pot is fired independently of its neighbours; all the pots 
are of the same size, except that on the extreme right, called the market 
pot,"" which, having only to receive the desilverised lead, is usually only 
two-thirds the size of the remainder. The crystals are removed from the 
pots, sometimes by perforated hand ladles, but more usually by larger ladles 
worked by small cranes. 

Mode of Working.—Two methods are in use, called the method by 
thirds and that by eighths. In the former, two-thirds of the lead is allowed 
to crystallise and is removed to the right, and the remaining one-third of 
enriched lead, which is twice as rich as the original lead, or nearly four times 
as rich as the crystals, is passed to the left. In the method by eighths, 
seven-eighths of each pot is removed as crystals, and the remaining one- 
eighth of liquid alloy is three times as rich as the original lead. This system 
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requires only two to six pots, and is suited to tke treatment of very low- 
grade leads, since tke concentration in any given pot is more rapid; it was. 
formerly in use near Stolberg (Rken. Pruss,) for tke treatment of lead carrying 
only 16 ozs. silver per ton, tke resulting market lead containing 6 dwts.. 
and tke enricked lead 400 ozs. per ton. Tke metkod by eigktks is, kowever; 
complicated and involves tke accumulation of numerous keaps of crystals, 
in various stages of concentration. 

Tke metkod by thirds is tke common mode and requires from ten to 
twelve, or even fifteen pots, according to tke rickness of tke final lead pro¬ 
duced. Tke bulk of tke work-lead to be treated is melted down in tke 
“ ckarging-pot,'' but tke position of tkis ckarging pot in tke series varies 
witk tke proportion of silver in tke lead. Tke pots are numbered in order 
from tke market pot upwards, and tke ckarging-pot may be, in a series- 
of twelve pots, anywkere between No. 6 and No. 10. At eack particular 
works tke silver contents of eack pot are kept as far as possible constant, 
and leads of very different grades may be melted down, eack in tkat 
pot to wkick its silver contents most nearly approximate. Tke average 
silver contents of eack pot at several different establiskments is given in 
Table XLIV. 

Tke pots are kept wkitewasked, in order to prevent corrosion by tke 
litkarge wkick forms, as well as to prevent adkesion of tke side crusts wkick 
collect on cooling. Tke lead being melted down in tke ckarging-pot is 
“ drossedwitk a perforated skimmer, sawdust being sometimes added in 
order to facilitate tke drying and collection of pasty skimmings, and, if no 
previous softening kas taken place, a “ polingwitk green wood is appro¬ 
priate at tkis stage. After skimming again, tke fire is witkdrawn, and trans¬ 
ferred to some otker pot wkick is in tke melting-down stage, and water 
is sprayed on tke batk from a kose. Tke crusts wkick form round tke sides 
are broken off witk a ckisel-bar and pusked down again to be remelted, 
wkile tke batk is continuously stirred in order tkat it may cool as uniformly 
as possible tkrougkout. Crystals now form in tke liquid, and are removed 
by tke long-kandled perforated ladle, wkick is lowered into tke pot sideways, 
filled, and raised by tke operator bearing down witk kis weigkt on tke long 
kandles, a greased roller fixed close to tke pot on a swivel pivot serving as 
a fulcrum b^otk for raising tke ladle and for transferring its contents to tke 
next pot. After allowing tke ladleful of crystals to drain for a few minutes, 
an operation muck facilitated by jerking two or three times on tke handle, 
it is transferred to tke next pot “ down tke house ''— i.e,, usually to tke right 
—^wkile after two-tkirds of tke charge kas been thus removed, the remaining 
one-tkird of still liquid lead is ladled into tke adjoining pot '' up tke house ” 
—to tke left. If there is lead on hand equal in silver contents witk tkat 
in tke pots to tke right and left respectively, a similar operation can now 
be commenced witk eack of these simultaneously. 

If only lead of one grade is being treated, two or more charges of original 
lead are carried through tke series of pots “ down tke house,‘‘ being crystal¬ 
lised in eack pot successively before enough is accumulated for a crystallisation 
in tke pot next above tke ckarging pot. Generally speaking, at tke com¬ 
mencement of any given campaign, all tke pots on tke right of tke ckarging 
pot are about one-tkird full of lead, and those to tke left are two-tlurds 
full; tke two-tkirds of crystals which pass to tke right, and tke one-tkird 
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of liquid lead which passes to the left, then form charges for crystallisation 
both right and left all the way down and up the series. With 12-ton pots 
the additions of original lead will be sometimes 9 tons and sometimes only 
36 cwts., according to the state of the charging-pot. 

It is but rarely that lead of a single grade is treated in any given plant, 
and leads of higher or lower silver contents are added to that pot the richness 
■of which most nearly corresponds to their own. Control of the working of 
the plant is kept by a daily or occasional assay of each pot; if it be found 
that the lead in the market-pot is getting somewhat too rich, the contents 
■of each pot from the market- to the charging-pot are ladled back one step 
into the pot immediately above it. 

The rich lead in the last pot on the left is often still further concentrated, 
after ladling back the usual two-thirds as crystals into the pot below, by 
allowing it to cool still further, pressing the large perforated ladle into it 
:so as to keep back the crystals, and then dipping out only the liquid portion 
which runs into the bowl. In this way the so-called “ bottoms may be 
as much as twice as rich as the crystals which are ladled back into the pot 
below. 

In another modification of the process, five-sevenths are removed as 
•crystals, and two-sevenths left as enriched lead. This is not very difierent 
to the ordinary method of thirds: but almost every works has some little 
peculiarity of manipulation in carrying out the process. 

Examples of Hand Pattinsonisation.—The hand process has been, 
at several localities, replaced by the steam-stirring process, but it still sur¬ 
vives in a few localities and notably at several English works, also at Linares, 
Freiberg, and one or two other places on the Continent of Europe. 

At Cordoba (Spain)* lead smelted from Linares ores and carrying 13 to 
14 ozs. of silver is concentrated by thirds up to 56 ozs. in a battery of eleven 
pots, of which, however, only nine are generally in use. The pots are of 
10 tons' capacity, and weigh 30 cwts. each ; they are cast at a local foundry, 
and cost £20 apiece; their average life is from three to four years, except 
the charging-pot, which wears out much sooner owing to the harder usage. 
Counting from the left-hand end, Nos. 1 and 2 are usually idle with this poor 
lead, No. 3 is the market-pot, while No. 9 is the charging-pot, and No. 11 
averages 56 ozs. of silver per ton. The lead melted down in the charging- 
pot averages only 14 ozs. of silver, but this is at once brought up by addition 
of the bottoms from the next pot on the left (No. 6, counting from the market- 
pot) to an average of 16 ozs., at which it is crystallised. 

The battery is worked by two shifts of four men and one fireman, but 
the actual working hours, except for the fireman, do not average more than 
eight. Each shift melts down from 130 to 150 bars in the charging-pot, 
and brings out 75 to 80 bars of desilverised lead, besides casting a potful 
of silver-lead as it accumulates, about every other day. The coal consumption 
is about 46 per cent, by weight of the desilverised lead turned out. The total 
cost per ton of desilverised lead is about Ptas 5*00, or, say, 4s. per ton, which, 
however, does not include the cost of resmelting dross. 

The pot dross made is large in amount, and it is liquated in two rever¬ 
beratory furnaces, the lead produced being returned to the pots, and the 
liquated dross, which amounts to about 4*7 per cent, of the weight of the 

* Private Notes, 1908. 
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original lead and contains 60 to 65 per cent, lead, being added to the blast¬ 
furnace charge. Further particulars are given in Table XLIV. 

At Freiberg,^ a special reason is found for retaining the Pattinson process 
in the bismuth contents of the work-lead, which averages 0*04 to 0*06 per cent. 
Bismuth, as already observed, becomes concentrated in the liquid lead, so 
that the original lead, containing from 133 to 257 ozs. of silver per ton, and 
0*05 of bismuth, is concentrated in four crystallisations into a rich lead 
with 650 ozs. silver per ton and 0T7 per cent, bismuth. The impoverish¬ 
ment of the lead, however, is only carried to the point where it assays 33 ozs. 
silver, the further desilverisation of this poor lead, now containing less than 
0*02 per cent. Bi, being carried out by means of the Parkes process. The 
recovery of the bismuth from the rich lead during the cupellation of the 
latter is referred to in Chapter xvii. It is found that by the combined process 
there is a saving of 18 to 20 per cent, on the total cost of desilverisation as 
formerly carried out by the Pattinson process alone, besides a better recovery 
of silver, the market lead now containing only 44 dwts. as against a former 
mininmTYi of 6 to 8 dwts. 

Cost of the Process. —This varies at diherent localities from about 
7s. up to 15s. per ton, according to the poverty or richness of the lead treated 
and to the cost of labour and materials ; some detailed figures are given on 
Table XLIV. The amount of coal required averages 4 cwt. per ton of lead. 

Mechanical Pattinsonisation.— This modification—using a mechanical 
stirrer in a deep cylindrical pot—was introduced in the sixties to do away 
with the very heavy labour involved in the hand process, which is only 
economical where the current rate of wages is very low. Its complexity 
seemed to more than ofiset the slight economy of labour efiected; and 
though in successful use for some years at Rouen (France) and Stolberg 
(Germany), the process has been quite obsolete for the past twenty years. 
A good description is to be found in the work of Schnabel.t 


STEAM PATTINSONISATION. 

This improvement on the hand process, invented by Luce and Rozan at 
Marseilles, has largely displaced the older process, and is in use at Newcastle 
(Cookson s works), Marseilles, Przibram, Linares (La Tortilla), and several 
other places in Europe, as well as at Eureka (Nevada). 

Plant Employed. —The apparatus used at all the above places con¬ 
sists of two melting pans, which are used alternately, and a crystalliser, 
besides large oval moulds for the liquid lead of each charge and a steam-crane 
to handle the ingots of lead. The plant at Przibram is shown at Figs. 237 
and 238.J In these a a are the two cast-iron melting pans, each of which 
holding 7 tons of lead, can be raised by means of the crane, so as to pour its 
contents through the spout over the inclined plate, c, and the trough, cZ, 
into the cast-iron crystalliser, e, which holds 20 tons, and is covered with 

* Oester. Zeits, f. B. u, 1887, p. 421; Berg. u. Hiittemn. Zeitimg, 1887, pp. 

45, 192. 

t Of. cii., p. 570; see also Phillips, Elements of Metallargy, 1891, p, 091, and Roswag, 
Disargentation des flombs argentiferes^ 1884, p. 293. 

tZdrahal, Oesterr. Jahrbuch, vol. xxxviii., p. 1; also Hof man, Metallurgy of Lead,. 
1906, p: 418. 
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the wrought-irou hood and pipe, /, to carry off the escaping steam and fumes. 
Each melting pan is heated by a separate fireplace, the furnace gases 
passing either round the annular flue, h, which serves to heat the upper 



Fig. 238. 

Figs. 237 and 238.—Steam Pattinson Plant (Przibram). 

part of the crystallising pot, and so down the flue, i, connected with the 
chimney; or, when the crystalliser is to be emptied, down the flue j, and 
along a narrow flue which runs under the discharging spouts, A, in order 
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to keep them hot, to the flue 1. The furnace gases can also pass direct to 
the chimney through the flue m, their course being regulated by the dampers 
n and n\ The crystalliser itself is heated by a separate fireplace, o, the 
products of combustion circulating round the lower annular flue'p,’and 
thence passing to the flue Z. The discharge spouts, h, have planed outside 
flanges, and are closed by means of slide valves working on these flanges 


Fig. 239.—Plan of Bottom of Crystalliser and Steam Inlet. 



Figs. 240 to 242.—Details of 
Slide Valve. 



Figs. 239 to 243.—Details of Steam Pattinson Kettle. 


andfmoved by hand levers, shown in Figs. 240 to 242 ; when opened, the 
molten lead runs through a movable trough into the moulds, g, which hold 
over 3 tons, and into each of which an iron hook is inserted before tapping 
out the lead to serve as a handle for the block. 

The steam inlet consists of a steam pipe, r, screwed into a nozzle, S, 
provided with a plug valve, which is opened and closed by means of a rod, 
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:t, running througli the pipe, and screwed in or out of the nozzle. The steam 
issuing from the nozzle, S, is distributed through the lead by means of the 
baffle plate, u. Figs. 239 and 243, which show details of the steam inlet 
and bottom of the crystalliser, are self-explanatory. 

Mode of Working. —The lead is melted down in one of the melting 
pans, which takes six hours, drossed, and run into the previously heated 
crystallising pot by raising the back end of the pan with the crane. Once in 
the crystalliser, the fire underneath is withdrawn, and the discharge spouts 
warmed up ; steam is turned on for two minutes, and the lead drossed through 
the doors in the hood. The bath is stirred by means of a jet of dry steam 
at 45 lbs. pressure, and cooled by spraying a little water from jets near the 
top of the hood, taking care to inject only a little at a time to avoid explosions. 
After fifteen or twenty minutes the steam is shut ofi, while the crusts which 
have formed round the sides are barred ofi through the doors in the hood, and 
the splashes of lead on the hood are scraped down. This shutting ofi of steam 
is repeated about twice, and after about three-quarters of an hour two-thirds 
■of the lead has crystallised. The steam valves are so arranged that this point 
is indicated simply by the resistance to the passage of the steam being so 
great as to prevent it from passing up through the lead, so that the cessation 
of boiling in the lead-bath indicates the completion of the operation. 

The steam is then shut off, the slide valves opened, and the still liquid 
lead run into the moulds with their iron eyes. The fire under the crystalliser 
is then replaced, and the remaining two-thirds of crystals (say, 13| tons) 
is remelted, which takes aboxit three hours ; in the meantime 6|- tons more 
lead, with the same silver contents as that in the crystalliser, have been 
melted down in one of the melting pans, so that as soon as the crystals are 
remelted it can be run in and a new operation begun. The other melting 
pan contains lead equal in value to the crystals which it is expected to pro¬ 
duce from the next operation, which is being melted down in readiness for 
the crystallisation next following. In this way each complete operation on 
20 tons of lead takes four hours, all the work being done by two men per 
shift. The consumption of fuel for the whole operation is at Przibram 
35 per cent, by weight of the lead charged. 

The products from 100 tons of previously liquated lead are (at Przibram) 
as follows :— 


TABLE XLllI. 


Products. 

Weight 
from KJl) lbs. 
Work-lead. 

Percentage 
of 'rotnl Lead 
Preaent. 

Percentage 
of 'J’otal Silver 
Present. 

Rich lead,. 

42-99 

42*58 

97*36 

Besilvorised lead,. 

44*7() 

45*01 

0*17 

Scrap load,. 

3*02 

3*03 

0*61 

Dross,. 

9-94 

8*04 

1*45 

Elue-dust,. 

0-40 

0*35 

0*07 

Loss,. 


0*99 

0*34 

Total, .... 

101*17 

100*00 

100*00 











TABLE XLIV.—Examples of the Pattinson Process. 
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Notes .—The charging-pot is marked by an asterisk ; all silver contents are given per ton of 2,24Q lbs. 

Eeferemes .—1 and 2. Phillips, Elements of Metallurgyy 1891, p. 690. 3. Teichmann, Preiisslsclie Zeitung, vol. xv., p. 44. 4. Priv. NoteSy 

1908. 5. Boswag, Disargentation des Plomhs ArgentifheSy p. 286. 6. Ibid., p. 300. 7. Schnabel, Handhuch der Metallhntiejiknndef vol. i., p. 

027 . 8 . Zdrahal, OeslerreicJnsche Jqhrbuchy vol. xxxiv., p. 1, . 9, Curtis^ Mon. U.S. Oeol, Eurveyy vol. vii.^ 1884, p. 163. 
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At Eureka (Nev.) tlic crystalliser holds 50 tons of lead, and the moulds, 
into which the liquid lead is poured by a movable spout run on wheels, like 
that shown in Fig. 233, though enormously larger, holding in fact 3 tons 
each. At this works the. lead is only enriched to about 550 ozs., as the 
subsequent enrichment is so slow and imperfect that it is not considered 
worth while bringing it any higher. 

At Przibram * the plant consists of three, kettles, and the desilverised 
lead with only traces of silver still carries traces of Sb and Sn, for which 
reason it is refined in two 26-ton reverberatories, the operation lasting 
twenty-four hours, after which the lead is tapped and cast into 
moulds. It is again remelted in 4*4-ton kettles, and cast into pigs for 
market. 

At La Tortilla (Linares)t there <are two 10-ton crystallisers, each with its 
pair of melting pans, iind the lead treated is of much the same grade as that 
treated by the hand process at Cordoba—viz., 14 to 16 ozs. of silver. The 
desilverised lead at these works is mostly worked up into sheet pipe and shot, 
for all of which there, is a ready market. 

In Table XLIV. the value of each separate crystallisation at Przibram 
and Eureka is given, corresponding with the separate pot-assays of the hand 
process. 

Compared with the hand process, the. Luce-Rozan modification has only 
the disadvantages of a greater capital outlay, and greater cost of repairs 
and renewals. These are more than offset by the advantages, viz. —Saving 
of two-thirds of the labour, three-hfths of the. fuel, and two-thirds of the 
dross produced in the old process. Another great advantage for dealing with 
comparatively impure lead is that the preliminary softening, so necessary for 
the ordinary hand-worked process, can be dispensed with, for the oxides 
produced by the steam from the traces of antimony, copper, &c., present ar(‘ 
largely volatilised and carried away by the current of steam to be caught in 
suitable condensers, while so long as these impuritievs are present the lead 
itself is to a great extent protected from oxidation. Inasmuch, moreover, as 
steam-refining purifies lead more perfectly than air-softening, the resulting 
product is softer and sells somewhat bettm*. 

TredinnicFs J improvement on the Luce-Rozan process consists in the 
use of a series of 5()-ton crystallising kettles (twelve in number for 3(X) ozs. 
bullion), each of which is supported on a. hydraulic ram, so that it can be 
raised at will, thereby (mabling the liquid lead aft(U’ crystallising to be run 
into the adjacent kc'.ttle. Heating is carried out by means of a brick-lined 
jacket round the. kettle, in which burning natural or producer gas is circulated. 
Each crystalliser has two outlets, that on the left for running out the residual 
liquid lead is double, and has a strainer to prevent escape, of the crystals, 
while that on the right, for running out the crystals after remelting, has a 
free run without a strainer. The average assay values at which it is esti¬ 
mated to be possible to maintain the series of pots is as followsJ- oz., 
I oz., 2 ozs., 4 ozs., 7 ozs., 12 ozs., 20 ozs., 35 ozs., 60 ozs., 100 ozs., 180 ozs., 
300 ozs. The cost of trinitment is estimated to be per single 
operation:— 

* Mineral Industry, vol. xv., p. 534. 

t Private Notes, 1908. 

X Austin, Min, and Scientific Press, Jan. 19, 1907, p. 89. 
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Fuel gas (natural gas), 10,000 cubic feet at 5 cents per 1,000, 0.50 
Labour for one operation, of 3 men at $3 each, . . .0.75 
Superintendence ($6 per day for 36 operations), . . .0.17 

Steam for crystallising,.0.05 

Tools and repairs,.0.10 

General expenses,.0.20 


s. d. 
2 1 
3 U 
0 8 | 
0 2I 
0 5“ 
0 10 


Total per operation,.1^7 7 

With the original liand Pattinson process using 10 to 15-ton pots only 
three to four operations are usually performed in twelve hours; with the 
Luce-Eozan or steam-Pattinson process using 50 ton kettles five operations 
may he performed per kettle in twelve hours; whereas with the Tredinnick 
process using 50-ton kettles it is expected that about twelve operations can 
be performed in an 8-hour shift at, say, 40 minutes per operation. Even 
should each operation last on an average an hour all told there would still 
be a large saving. 

A plant on this principle is now being introduced at the Omaha works 
of the Am. Sm. and Ref. Co. 

Bye-products.—The bye-products of the Pattinson process, besides 
scrap lead which is as far as possible returned to that part of the process 
to which it belongs, are only drosses of various degrees of richness, which 
are frequently collected by means of sawdust sprinkled on the surface of 
the pots. They are treated by running down in a reverberatory lead furnace 
with the addition of fine coal; the dross lead thus produced contains most 
of the impurities of the original lead, and has to be softened before submitting 
it to a repetition of the process. The average amount of pot-dross and 
skimmings produced during the Pattinsonisation of poor lead with only 
8 ozs. of silver per ton, may be estimated at 20 per cent, by weight; with 
richer lead the proportion may reach 25 to 30 per cent. The actual loss 
of lead, however, is always small, varying from, perhaps, \ per cent, up 
to 2, or, perhaps, 3 per cent., according to the degree of purity. A curious 
bye-product, sometimes met with in the steam Pattinson process, though 
in small quantity, is an incrustation of minium, which forms in the crystallisers 
and is evidently produced directly by the action of the steam upon the lead 
at a temperature just below redness. 
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CHAPTER XVI. 

THE PARKES PROCESS. 

Influence of Other Metals.—This process, foreshadowed by Karstea^ 
but only made practicable in 1852 by Parkes, is based upon two facts— 
viz., (a) the greater affinity of silver for zinc than for lead; and (6) the 
insolubility of zinc-silver alloys in lead which is already saturated with zinc. 
The process of desilverisation with zinc consists, in brief, of stirring 1 to 
2 per cent, of that metal into a bath of molten work-lead, heated to above 
the melting point of zinc (415® C.), and allowing it to cool, when a crust 
or scum rises to the surface, containing nearly all the silver. A repetition 
of the process with a smaller quantity of zinc produces a lead which is practi¬ 
cally free from silver, containing usually not more than about 4 to 6 dwts. 
per ton, as against 9 to 15 dwts. by the Pattinson process. 

Besides silver, zinc has an affinity for various other metals, and in par¬ 
ticular for gold and coffer, with both of which it combines before taking up 
silver. Gold is perfectly extracted by the first addition of'zinc, and copper 
enters the zinc crust almost as readily, though not quite so completely. It 
is noticeable that a gold-copper crust, containing all but the minutest trace 
of the gold present, is formed long before the lead begins to take up zinc 
to any large extent, the gold-zinc and copper-zinc alloys being apparently 
almost insoluble in zinc-free lead; whereas it is impossible to produce a silver 
crust without first saturating the lead at the given temperature. Seeing 
that coffer alloys so readily with zinc, it is important to purify the bullion as 
completely as possible by softening and repeated dressing before commencing 
the desilverisation; since, otherwise, a lot of poor copper crust is formed 
before any silver at all can be extracted, thus consuming zinc and wasting 
time.* 

Bismuth does not at all interfere with the desilverisation, but antimony, 
in the proportion of 0*1 per cent., and arsenic in even smaller proportion, 
not only retard the rising of the crusts, but actually prevent a clean separation 
from the underlying lead; so that it becomes impossible to turn out, with 
only three zincings, market lead of only 6 dwts. silver from work-lead con¬ 
taining upwards of 0*1 per cent, antimony, or 0*05 per cent, arsenic. For¬ 
tunately, arsenic is much more readily oxidised than antimony, so that it 
is completely removed after only eight or ten hours’ softening, and the question 
practically resolves itself into the removal of antimony. Nickel and cobalt 
(if present) would, like copper, enter the crust, but, fortunately, both metals 
are easily removed by dressing, besides which they are of rare occurrence. 

* V, Experiments by Kirohoff in Metallurgical M&view, voi. i., p. 224 ; which are 
also quoted by Egleston, Metallurgy of Silvery Gold, and Mercury in the United States, 
vol. i., p. 94. 
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Impurities in the ziuc itself, such as iron, arsenic, copper, sulphur, tin 
&c., have the same unfavourable effect as if they were present in the lead • 
therefore, only the best procurable brands of commercial spelter should be 
used. This fact was first made clear by the experiments of Kirchoff already 
referred to.* 

Plant Employed.—Lead bullion is always desilverised in cast-iron 
“ pots,” “ kettles,” or “ pans,” as they are variously called, which are arranged 
beneath the level of the softening furnaces, and above that of the refining 
furnaces, or kettles, so as to enable the lead to be run from one part of the 
process to another without undue handling. In some of the older works 
on the Continent of Europe, Pattinson plants have been made to serve for 
the Parkes process, with as little alteration as possible, and in these the 
lead frequently has to be pumped from one part of the plant to another 
but in most English and American works the plant is arranged in terrace 
form, as shown in Eig. 244,t which is a section of the refinery at Montevoni 
(Sardinia), and may be regarded as typical of a plant using furnaces for 
refining. Fig. 245 is a sketch-plan and section of the larger refinery of the 



Scs/e of feet 

P S 10 2D 30 40 ft. 

t 1 , I I I I j > t , I 

Tig. 244.—Section through Lead Refinery (Monteponi), 


Broken Hill Proprietary Co. at Port Pirie as it appeared some years a^o 
m which kettles are employed for refining and furnaces for liquation, while 
softening IS performed in two stages. In this figure a represents the receiving 
or uidoading platform, 6 is the so-called “copper,” or dressing furnace cc 
are antnnony ” or softening furnaces, cl d the desilverisation pots and c 
the liquation furnace for zinc crusts; //are refining kettles, g is the casting 
pot, h the dross liquating furnace, and i the refinery blast furnace for drosses 
skunmmgs, litharges, &c.; j and 1 are sidings for unloading and loading 
respectively. The retorting and cupellation rooms are situated beyond 
the crast Equating furnace, in what is practically a separate building. 

pul'® must be perfectly smooth inside, and are always of cast iron 
unless they have to serve for subsequent refining of the lead, when cast steel 
IS sometimes employed, as already mentioned.J Pots which have to serve 
lor the whole process from dressing to refining, as at LautentJial (Harz) and 


+ H-Zeitung, 1888, p. 28 ; also Egleston. op. oU., p. 93. 

tEerrans,E.aialJlf.y.,Oot. 25, 1905,p.783. J e;. thf last Chapter. 
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Tarnowitz (Silesia), are made small (12J to 15 tons) ; tliose for desilverisation 
pure and simple are made to iiold from 30 to 50 tons, and may last for 150 to 



Fig. 245.—Sketch-plan and Section of Port Pirie Refinery. 

300 charges. Tlie form is usually a segment of a sphere, and the pot is 
supported either by a rib cast round it at half its depth, or simply by its 
flange, or by a brick ledge, 

as in Fig. 246, which shows - s'o'' - 

a common way of supporting W!\ ^ iT^ 

a desilverisation pot above ^ \ ^ 

the fireplace, by means of ^ 

which the temperature of the ^ 

lead is raised prior to stirring ^***"'". 

in the zinc in order to melt 

the latter and incorporate it T | 

A 30-ton pot is frequently 
made 8 feet 10 inches to 9 | 

feet wide by 3 feet 4 inches 
to 3 feet 6 inches deep (the 

radius being 4 feet 7 inches) Kg. 246.-Desilverisation Kettle, 

and has a flange from 6 to 9 

inches wide. The 35-ton pots at Tort Tirie are 9 feet diameter by 3 feet 9 
inches deep with a 6-inch flange, and when full would hold 45 tons, although 





400 


the metallurgy of lead. 


tke claarge actually worked in them is only about 33 tons. Larger pots, 
are sometimes made elliptical, like those of the Omaha and Grant refining 
works at Omaha (Neb.), which are about 12 feet long by 7 feet wide and 
3 feet 3 inches deep, holding 48 tons; but the 50-ton pots of the Balhach 
(N.J.) and Pittsburg works are round, like the 40- to 45-ton pots of the 
Howdon (Newcastle), Pertusola (Italy), Penarroya (Spain), and other works. 

Amount of Zinc Bequired. —The quantity of zinc required to extract 
the silver varies according to the richness of the bullion treated, though, 
proportionately, poor lead takes more than rich. Every refinery has its. 
own table of quantities, and Boswag * has attempted to deduce general 
formulae adapted to bullion of any given tenor, which do not, however, seem 
to have commended themselves to practical refiners. At Freiberg, Plattner f 
found that the following quantities are required :-~ 


Quantity of Silver in Base Bullion. 

Percentage of 

Zinc Ee(].uired. 

Per cent. 

Ozs. per Ton of 2,240 Lbs. 

0.0963 

31-46 

1-34 

0-3825 

124-92 

1-84 

0-5080 

165-94 

1-96 

0-8400 

256-79 

2-45 


But much less is found sufficient in most modern refineries by using the* 
crust over again, so as more completely to saturate the zinc contained in it. 
Hofman J gives a table by Enrich, which is the basis of most tables used 
in modern works, but in practice a fourth zincing is dispensed with save in 
cases where, for some reason, the lead retains accidentally too high a tenor 
of silver after the third zincing. 

Eeference has been made to the fact that the gold-copper crust is formed 
without saturating the lead-bath with zinc. A very small proportion of 
zinc is, therefore, sufficient for the first or “ gold-zinc ” addition, as little 
as OTO to 0*12 per cent, by weight being found sufficient for properly softened 
bullion containing not over 8 dwts. gold per ton,§ and subsequent additions 
are directed solely to the removal of silver. When the bullion contains a 
large quantity of gold, and is practically free from copper, no separate gold 
crust is made, but, in that case, all the silver produced from the silver crust 
has to be parted for gold, and it is far preferable to extract the gold first 
in as concentrated a form as possible, provided the gold contents of the lead 
are sufficiently low. Under conditions prevailing in Australian and at a good 
many North American works, however, such a large amount of gold is found 
in the work-lead that it is impossible to remove the whole of it with one 
zincing, and in such cases it is often considered preferable to make only 
one class of crust and part all the silver. 

When a gold crust is first taken of, the additional zinc, for bullion of 
300 ozs. and upwards per ton, is occasionally added in three portions (viz., 

* La disargeniaiion des plomhs argentifereSf Paris, 1884, p. 251. 

\ Berg- u. Hiiitenm. ZeituTig, 1889, p. 117. 

i O'p, cit, 1906, p. 449. § Private. Notes, Port Pirie, 1896. 
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two-tkiids, one-fourth., and one-twelfth, respectively of the total); but with 
ordinary bullion of 150 to 300 ozs. per ton, the work is almost always done 
with two silver-zincings of about equal amount, say 0*8 to 1*0 per cent, each 
of the weight of lead under treatment, of which only the second is fresh 
zinc. Low-grade bullion of less than 125 ozs., if sufficiently softened, can 
be perfectly desilverised with only two zincings, yielding one gold and one 
silver crust. The first silver crust from rich bullion should contain from 
2,000 to 4,000 ozs. per ton at least, and leave the lead with 30 to 90 ozs. per 
ton; the second crust will run from 200 to 700 ozs., and leave a very poor 
lead; while, if a third addition is required at all, the resulting crust will 
contain only an ounce or two of silver. 

In any case only the first crust is liquated; those obtained from subse¬ 
quent zincings contain much free zinc and are returned to the pot as the first 
zincing of the next following charge. 

Separation of the crust is much facilitated by stirring into the bath 1 lb. 
of sal ammoniac to each 10 tons of work-lead. This addition, long since 
tried by Bossier and Edelmann, has been patented in the XJ.S.A. by Baht; * 
its functions would seem to be the absorption of dross, cleansing the metallic 
surfaces, and prevention of oxidation. 

Process of Zincing.”—The pot, having been whitewashed and 
heated up to the temperatoe at which a splinter of wood will ignite, is filled 
with lead by tapping from the softening furnace direct, or by syphoning 
from a ‘‘ collecting pot"" in which it has been drossed, if such is employed. 
When it is tapped direct from the furnace a gutter of angle-iron is employed, 
which empties into an iron pipe reaching to the bottom of the pot, so as 
to produce as little oxidised dross as possible. In American works the lead 
is usually drossed at once after addition of any liquated lead from gold crusts 
of previous charges. Unless, however, a collecting pot has been employed, 
it is much better to allow the lead to cool in the pot, so as to skim ofi as much 
copper dross as possible before commencing desilverisation, as this plan 
permits the complete extraction of gold in an abnormally small weight of 
gold* crust. A common practice, which secures this end, is that known as 
‘‘ ringing ; the lead tapped from the softening furnace into the desilverising 
pot is allowed to cool there quietly till a “ ringof solid metal from 4 to 6 
inches wide has solidified all round the edge. This ring is chipped off and 
returned to the softening furnace, the lead is stirred and again skimmed, 
and then and not before is the firing started strongly in order to get the 
lead hot enough for the first zincing, which requires a temperature of not 
less than 450° C. The zinc is usually employed in slabs which are often 
simply melted down on top of the lead and stirred in by hand. At some 
works, however, it is put in a perforated iron box, which is held at the bottom 
of the pot by an iron rod until the zinc has melted out of it in little streams 
which can be easily mixed with the lead ; at others, again, it is melted separ¬ 
ately and poured into the lead, the object in both cases being to avoid 
oxidation. 

However it is melted down, the zinc must be very thoroughly stirred 
in, which takes thirty or forty minutes ; this may be done in three ways :— 

Hand Stirring is done by means of a circular perforated sheet-iron disc 
(“paddle"") attached to a 6-foot handle with a crosspiece. Two men on 
* U.S. patent, 826,114, July 17, 1906. 


26 
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opposite sides of the pot hnu»r tlmv puthilr.n dawn fhr suites md raise them 
in the middle, so produeiim an upuard rumnif in flu* luiitn. uf the lead*, 
bath; the operation is most fatiifiiiiiii, and iit.mv attnnpts habeen made 
■to replace it by steam stirrini»n h.is thr vmw tiisadvantage 

of producing a more oxidistni am! |HHnmr miHi ; uit ihis .ir<-iiunt a majority 
of the best and most modern ^till .idhtT** fu li.md > 4 irring. 

Steam Stirring is tlone by iihmiih of a pipf’ riMrlang <town vertically 

some 2 feet into the c-eiitre of tin* pot. Mit-Hia «m '4 bo ptadeetly dry 

in order to avoid explosions, and. fherrloro. Mfraiii trafr. fur ftoulenned water 
are provided; and the pipe iiinsi bo fliorottvhh wurinod up before lowering 
it into the pot. At, or a little iilio\i% the itiriting poini of ^iur (Hff c.) 
there is comparatively little oxidation of tha! iiitiul, ilioiivh at temperatures 
much above 451 b’ (at a cherrv lani for iiiNiaia ri oxidation is rapid. As 
soon as the steam is turned on it prodimrs a dt^wuw.ml i-urmif in the centee 
of the bath, hut the Imbldes drt\t* awiiv fbo inolirii /am tovidlier with the 
incipient crusts to the sides, wloae*'' ai«* «oiifiiitialh inishud toward 
the centre by a wotHleit !uie. 

Mechanical Stirring.-- The uneiited and first tried 

at the Pueblo H. uml H. IWs xiurks m 110% lir/ndv iimi all over 

the world ; its eoiistruiiion is .hIiowii in Fiv. :! IT. it n stout cover 

resting on tin*, fop of the pot .'ut m* in t-xr!inli’f «ir, a liori/mital acrew 
propeller attaehed to a verthid /liafl lur^Mui* throimdi flit- rriitn* of the cover 
and a stout frame resting upon ii ^■iiipportine b»-ud vtoiing wtdrh tlrives the 
propeller at lid revolutions per miimt*/ tfo” eonriiiv tiHidf bring driven either 
by a rope-drive, as shown in Kig. 2t7, or bi .4 uiMilI or f*ompre»it!d- 

air engine or eltH’frie niot4»r, flu* pottrr r*»*|nirrd bring about 5 H.p, The 
whole apparatus is hung b\ iiirair‘4 of blorliH from a tixividlrr, mliieh runs 
upon the siime rails used for tho Ibittard brr-ri to bi* lii-iirritird later. 

The more thorough stirring pie/iible wiili ihn appli.ineo, iiml the avoidanee 
of oxidation by means of Itu’ I'o^rr, togeihrr tiir sr|iiiriitk«i of a 

richer crust, whieli is treated fo vriMier aiti.inia/o m flio retort, ykldiag 
a larger proportion of eleiiii biilliofi and /.iio' and Ir". s Inr iiroiltirf^. 

When the '‘stirring in** m or -.ninf-Atifii Indore, the fire 

is damped down with wet slurk and fli*' ilotir'-i iipriinl mt .O'l to root the pet, 
and, if steam has betm used fur stirriiig. if blomit fhriuigli the !»*iid ii little 
longer with the siiiiie objerf. After .ib»itif two or itto .snid « loitf liowi the 
surface crust formed bepin:'^ to iwllp-re to ilif' ‘titirri «d f!i«* pto. iiiiil m then re¬ 
moved by means of a perforfiteil ‘ikiiiiiio’r «it|i n lung g,in|it|ir liiiintle worked 
upon the edges <if the pot us a fttlrriiiig *»f '00'i|M0i4rd lo ii Imiik wliirli»*rvM 
the same purpom*. At tin* Ibirlhi Hnwlitn^ liV/i pi i ii.| irnrhii fFuihlo, 
(bio.) the Howard skimmer'^ w mmiT ulieii Miira* 4 'i *4 twii ?iriiii^etn'*«lir 
perforateicl plates hinged in tfie nuitre, Iik*^ si " bufi*-fil% %;ihr/' iunl foldkg 
downwards. In thin rtiiitiitiini lirartnl miii flit- |rad ; they itrf 

then unfolded Just umler llie rriii 4 !, iitol riieird «itli it abiive the leii^d of 
the bath to drain. Tin* fitiiJii br tlii»r«*iighb^ draiiii^tl and nhaken 
free from lead before Ittriiiiig iiit 4 i the Ii*|iisifiiiii hr 1 fir or into 11 riwtdroE 
mould. That part wltirli ndhere# u* thr mdr^ nl thr |#i»t i-f then burred off 
with a long steel eliinid, ami tin* opernttofi t»f nkiitiiiitiife" rrijrainl tdl tio more 
Hc)fman» Mif$Md ti*l. ii* |hp:i, p, 411^ Ati.| M^kUinem *'*l 
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crusts form. About eight samples of one A.T. are then taken and cupelled ; 
the silver beads are added together and parted to see if all the gold has been 
removed. 

In the meantime the pot is heated up, liquated lead from the first silver 
crust of the preceding charge is added, and, as soon as hot enough, the first 
silver-zinc is stirred in. This consists of the second (and third, if any) silver 
crust from a previous operation which contains much free zinc, and a little 
fresh zinc, if necessary, to make up the amount required. The operation 
of collecting and removing the silver crust is exactly similar to that described 
for the gold crust; the crust is generally poured and pressed into moulds, 
so as to be conveniently handled and charged into the liquation furnace. 

The lead, now containing from 30 up to 90 ozs. silver, is again sampled 
and treated with zinc for a second silver crust, which is also generally moulded, 



or simply deposited on an iron plate close to the pot to wait for the next 
charge. If, after removing this second silver crust, the lead still contains 
I oz. or so of silver per ton, the necessity for a third zincing can be avoided 
by blowing steam tkrough the pot for half an hour or more, which causes 
a small additional formation of zinc crust carrying silver, and reduces the 
silver contents of the lead to 3 to 4 dwts. 

Time Bequired and Fuel Consumed.—The time required for each 
melting and stirring averages half an hour to an hour, cooling two to three 
hours, removal of crusts half an hour to an hour, reheating one and a-half 
hours to two hours, so that five or six hours may be reckoned as the average 
time for each complete zincing. With three zincings, giving one gold and 
two silver crusts, ordinary bullion can be desilverised in about fifteen hours. 
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including running tLe lead into the pot and syphoning it ofi afterwards.. 
The Port Pirie practice, subsequently described, of doing the work very 
slowly has, however, many advantages. Bullion which is comparatively 
poor in silver can be desilverised somewhat more quickly, as the quantity of 
crust to be removed is less. 

The consumption of coal for desilverising and liquating the crusts varies 
from 2| to 3 per cent, of the weight of the original base-bullion softened.* 
At some of the refining works in Chicago, crude 'petroleuyn oil, sprayed by 
means of compressed air, is used as fuel, and is said to be more economical 
than coal, as well as afiording the convenience of being extinguished and 
relighted in a moment, which accelerates both the cooling and the reheating. 
Natural gas has also been used at Pittsburg with the same objects and similar- 
results. 

Examples of Desilverising Practice. — At Freiberg, lead which 
has been aheady desilverised by the Pattinson process and still contains 
0*1 per cent. Ag (32| ozs. per ton), is desilverised in 20-ton kettles with three 
additions of zinc, together amounting to 1*485 per cent, of the weight of 
lead. The first addition carries ofi the gold and brings down the silver- 
contents to 8 ozs., while the second reduces it to below 13 dwts., and some¬ 
times to as little as 6 dwts., in which case the third addition is dispensed 
with. 

At one of the refineries in Mexico f where a separate gold zincing is always 
given, an example of the composition of the lead after each zincing is as 
folloivs:— 


Original assay of work-lead, . 
Assay of pot after gold zincing, 

„ ,, 1st silver zincing, 

,5 „ 2nd 

>5 j> 3rd ,, 




. 170*15 ozs. 



. 133*9 „ 


. 

. 40*4 „ 



6*7 „ 


. 

0*26 „ 


At Pemrroya (Spain) J the refinery is on the, now general, terrace plan, 
and is worked in 12-hour cycles, 45-ton softening furnaces and pots being 
employed. The work-lead containing only 42 to 45 ozs. of silver with no 
gold, two zincings are found sufficient. The first consists of the second 
crust from the preceding operation together with 230 kilos, of fresh zinc. 
The second consists of 270 kilos, of fresh zinc, and the crust obtained is all 
saved to be returned to . the next following charge. The first crust, which 
is liquated in kettles, contains 8 to 9 per cent, silver (2,600 to 2,900 ozs. per 
ton), and, in spite of softening at a low temperature, no less than 5 to 6 per 
cent, of copper, which interferes greatly with the subsequent distillation 
and other processes. Analysis of the softened lead, moreover, shows 0*006 to 
0*008 per cent, copper, which is too high for clean work in desilverising such 
low-grade bullion, and it is probable that by very carefully liquating down 
the whole of the lead at a low temperature in a furnace, instead of in a drossing 
kettle, it could be better freed from copper, and consequently a smaller 
proportion of this obnoxious element would make its way into the silver 
crust. 


* A^ccording to Hofman the average is about 54 lbs. per short ton = 2*7 per cent, 
by weight. J- T* 

t Private Notes, 1902. J Private Notes, 1908. 
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At the Port Pirie refinery,* where 500 tons of lead per week are desilver- 
ised, the plant consists of four desilverising pots of 30 tons' capacity, and 
the bullion treated averages 300 to 330 ozs. of silver, with about 5 dwts. 
of gold per ton. Only three zincings are given, and the last of these leaves 
the lead with only about 6 dwts. of silver per ton. The lead is tapped direct 
from the softening fupiace into the zincing pot, where it is allowed to cool 
for three hours in order to admit of a further dressing, which much facilitates 
the clean separation of the crusts, especially of the gold crust, and also 
facilitates its subsequent retorting. The amount of ‘‘ pot dross " removed 
averages about 200 lbs., containing 210 ozs. Ag, 96 per cent. Pb, and 0*2 per 
cent. Cu, which is treated together with that produced in the first dressing 
furnace. 

The temperature is then raised, and the gold-zinc stirred in. In the 
first instance, on starting a new campaign a single addition of 75 lbs. of 
zinc is used, and is found to extract all the gold. The crust obtained from 
this very thoroughly softened bullion is found to be still capable of with¬ 
drawing most of the gold from a second charge of lead, although the total 
amount of zinc added is not more than one-tenth the amount required to 
saturate the lead. It is, therefore, returned to the next potful of lead ready 
for treatment, from which nearly the whole of the gold is extracted, and the 
enriched (because twice used) gold crust is set aside until sufficient accumu¬ 
lates for a charge in the liquation furnace. This second pot, however, still 
retains a trace of gold, so that a second addition of 50 lbs. of fresh zinc has to 
be stirred in to clean it. The resulting shimmings, which contain most of 
the added zinc still free, serves as first addition to the next following charge, 
so that each charge is treated twice for gold—-viz., first with once used zinc 
shimmings, and then with 50 lbs. of fresh zinc. In this way only 50 lbs. 
of fresh zinc are required for each (tharge of lead, and a rich gold crust is 
obtained from poor lead at the expense of only a slight delay. 

The perfection of the extraction of gold with this exceedingly small 
quantity of zinc (only 0*07 per c.ent.) is remarkable, the lead retaining only 
about 4 grains per ton, or, say, 1 oz. per ton of silver contained in it, and 
the Port Pirie practice would seem to be a great improvement on the American 
practice described by Hofman,t in which 250 to 300 lbs. of zinc are required 
to obtain a gold crust from bullion of the same richness in gold. It depends 
entirely, however, upon a much more thorough dressing and softening than 
is usual in America, and the only possible objection, the greater time it 
requires, is obviated by the simple expedient of distributing an amount of 
work usually performed in two desilverising pots over a plant of three, or the 
work of three over four pots, without any increase in the labour, or in wear 
and tear of pots, and with practically no increase in the consumption of fuel. 

After removal of the second or intermediate gold crust, the lead is again 
heated up, and the first silver-zinc stirred in; this consists of some 3 or 
4 tons of lead-zinc-silver alloy with about 10 per cent. Zn, and about 700 ozs. 
Ag per ton, obtained as the second silver crust from the previous charge 
cast into moulds, and stacked by the side of the pots. This is stirred in very 
thoroughly by hand, and the pot is allowed to cool, the crusts which then 
rise being skimmed off by hand, drained over the pot, and cast in moulds. 
The whole process of heating, stirring in, cooling, and removing the principal 
* Privaie Notes^ 1896. f Op. cit., 1906, p. 448. 
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small quantity of gold present with great perfection, as indicated by the 
assays of the contents of the pots after various numbers of zincings. 


TABLE XLV.— Gold-Zincino at Port Pirie. 


POT 

NUMBER OF 

ADDITION CONSISTS OF | 

GOLD 

PRESS 

CHARGE 

ADDITION 

FRESH ZINC 

SECOND FIRSTS 

7st TIME 
THROUGH 

2nd. TIME 
THROUGH 

A 


2~ 




1 - 

—^ 


nmummij 

BHHHH 

BBHI 

bbbbb 

B 


nil 




SBSBBB 

bhhh 



■■■■■11 


■■■■1^ 

A 

H 

B1 


1 




2 





B 

D 


\ 





2 \ 





A 

B 

2~ 


SHBiHI 


^ 1 — 

~ 


8I8BBB 

iSSHBI 

mnnnnm 


B 

S 

IL" 

ry NO 






2 





A 

B 

211? 


i__.X 




2-^ 





B 

B 

2 — 


-- 1 \ 

mBB 


■■BiBI 

2 


X, \ 

*• 


A 

B 

Ifl 

2~ 

_X 










B 

B 

211? 

_ 


miiiiiHHi 

^ 1 — 

—^ 



■bbhh 


IBBBBI' 

A 

1 i 

Ifl 

2?? 


sbqhhi 

■bhhii 

imiHi 

IBBlUi' 

2^ 

■IBHSii 


bhhhh 

BBBBB' 

B 

Wl 

I'lE 




bbbbbh 

■H^Hi 



bsmhhi 

IbBSBBI 

B||HHB|||] 

A 

B 

X^ 

NO 

■BHIlil 

1 'V 

bbsshh 

bbbhih 

bBBB'i 



X. X, 

HHHHH 


B 

1 4 

X^ 

2~ 

HBHHBI 

■iBBHHi 




2 


bbbhib 



A 

1 5 

If: 

2f? 

HHBHHI 


BBBHIB 

^ I — 

—>- 

taHEBH 

BHiHiH 

HHBHH 


IBBH' 


The two gold-zincings for each pot-charge take about seven hours each 
—^viz., heating up Ih hours, stirring-in ^ hour, cooling hours, skimming 
i hour—^which leaves from 1 to hours out of the 8-hour shift for sampling. 
The two silver-zincings which follow take the full 8 hours each, requiring 
more time for heating up in order to dissolve the larger quantity of zinc 
and consequently for cooling also. 

At first, on starting a new cycle, the 1st silver zincing consists of 500 lbs. 
of fresh zinc, which makes the “ 2nd press."" To clean the lead an addition 
is then made of 734 lbs. of fresh zinc, which when skimmed ofE is called “ 3rd 
skim,"" and is set aside to be passed through the other pot of the pair, after 
which it becomes “ 2nd skim"" or “ 2nd press."" The scheme of working 
is shown in the following Table XLVI., from which it will be seen that each 
pot-charge is zinced twice and produces one silver skim for the press. The 
lead in the pot is now assayed, and if it contain more than 6 or 7 dwts. per 
ton another small zincing is given and skimmed at as low a temperature 
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as possible. Tbe total weight of skimming removed from each pot is about 
3 tons. 

TABLE XLVI.— Silver-Zincing at Port Pirie. 


Number of 

Addition Consists of 

Charge. 

Addition. 

Eresh Zinc. 

Third Skim. 


1st 


1 — 

^ 1 

2iid 

2 



let 


1 — 

^ 1 

2iid 

2 


o 1 

1st 


1 — 

^ 1 

2nd 

2 


4 J 

1st 

1 

I 1 

^ i 

1 2nd 

2 



Pot. 


Second Skim 
— t.e., 

Silver-Press. 


A 

B 

A 

B 


The average composition of the contents of the pots at Port Pirie after 
each zincing is as follows :— 



Original 
Softened Lead. 

Gold Zincing. 

Silver Zincing. 

Alter 

1st Zinc. 

After 

2nd Firsts. 

After 

2nd Zinc- 

After 

3rd Zinc. 

An, per ton, . 

0*3 oz. 

19 grs. 

tr. to 4 gr. 

none 

none 

Ag, ozs. per ton, 

70-80 

70-80 

68-75 

20-30 

0*3 to 0*4 

Zn, per cent., . 

.. 



.. 

0*56 

Cu, „ 

0-12 

.. 


,. 

*00026 

Sb, „ 

0*089 




*00325 


The coal consumption is about 3*2 per cent, by weight during the whole 
process of desilverisation, which lasts 32 hours. Various details of the 
practice are given in Table XLVII. side by side with similar data from other 
plants. 

At the works of the St. Louis Smelting and Refining Co.,* Collinsville, 
Ills., soft lead from Missouri with only 2 to 3 ozs. per ton is now being desilver- 
ised down to 2f dwts. per ton with one zincing, the silver recovered just 
paying the cost of the operation, while the profit lies in the higher quality 
of the lead produced, which, being freed from the traces of Cu, Sb, and Ni 
that accompanied it, now fetches a higher price. 

With regard to the extraction of the gold contents of work-lead in a 
separate gold-crust, it should be noted that this practice is only possible 
when the amount of gold present is small. With bullion rich in gold, say 
5 ozs. per ton or over, such as is produced regularly at some of the Australian 
and occasionally at some American works, it is not possible with one zincing 
to remove the gold contents without removing at the same time a consider- 
able proportion of the silver, and without leaving behind at the same time 
♦ E. and M. J., March 16, 1907, p. 518. 
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•SO much gold as to make it worth while to part the silver resulting from the 
first silver-crust—the limit for which, under Australian conditions, is, according 
to Blakemore,* about 15 dwt^. Au in every 1,000 ozs. of Ag. In such a case 
it is simpler to make only dore bullion—that is, to treat all the crusts together 
and to part the whole of the silver produced. Since the great increase in 
the amount of gold contained in their furnace bullion, dating from about 
fifteen years ago, American refiners have also to a great extent discontinued 
making a separate gold-crust. At the Germania works,f when a separate 
gold-crust was made gold losses began to appear in the refining plant, which 
disappeared again as soon as the separate gold-crust was abandoned and 
•all the silver bullion was parted for gold. It seems probable that successful 
•extraction of gold in a separate gold-crust is only possible :— 

(1) When the lead bullion contains not over 1 oz. of gold fox each 250 ozs. 
•of silver contained in it. 

(2) When the dressing has been so thoroughly done that a gold-crust 
can be obtained with only a small amount of zinc; if copper be present 
in the work-lead to any considerable extent, proper separation of a small 
gold-crust is'impossible. 

Some further data of desilverising practice at various localities are given 
in the following table :— 


TABLE XLVII.— Comparative Data prom Desilverising Plants. 



Lauten- 

Taino- 

Kroi- 

Saxony. 

Port Pirie, 



thal, 

witz, 

S. Australia. 

Dapto, 


(Tpper 

fiarz. 

UX)pcir 

Silesia. 

— -— 

3 DOG 

x.s.w. 



3890 


Reference, .... 

1 

2 

3 

4 

6 

6 

Charge in desilverising pots, . tons. 

m 

m 

20 

30 

33 

11 

Silver contents of lead, ozs. per long ton, 

49 

16 

33 

330 

70-80 

131 

Weight of first zincing, . . lbs., 

49 


220 

75 

80-100 

200 

„ second „ . . . „ 

„ third „ . . . „ 

110 

180 


165 

88 

00 

750 

220 

Total weight of zinc employed, per cent., 

1-21 

1*00 

1-00 

1*34 

1-15 

1*59 

Value of gold crust, Au, . ozs. per ton, 



5 

13 

6 

200-300 

„ Ag, . 

Value of first, silver crust, Ag, „ 



1486 

1000 

200 

1200-2000 




3750 

3000 

1000-2000 

„ second „ „ „ 

Silver contimts, lead after first zincing, ozs., 




700 

150-200 

.. 

48 


’*8 

305 

70-80 

5-20 

„ „ second „ „ 

6 


13 dwts 

90 

20-30 

0-50-2*00 

„ „ third „ dwts.. 

3 

2 

4 

t> 

6-8 

.. 

Total time in desilverisation pans, hours. 

m 

22 

20 

22-24 

32 


Coal consumption, . . per cent.. 

9*76 

7^ 

.. 

3 

3-2 

3 

(‘■Jold contents, original lead, . dwts., 



21 

t) 

6 

280 

Percentage of gold crust produced, . 




0-91 


10% 

„ silver crust produced. 

' t) 


2*25 


2-3% 

0% 

life of pot, charges,. 




iso 


60 


References, —1 and 2. Schnabel, Handbuch der Metallurgies vol. i., pp. 540 and 541. 
3. Plattnor, Oesierr. Zeitting /. Berg- und llilttenwesen, 1887, p. 421. 4. Private notes, 1896. 

5. Belprat, Trans, AusL I,M,E,, vol. xii., 1907, pp. 1-29; and Bayly, Hid,, pp. 80, et seg. 

6. Blakemore, Trans. Aust. 1898, vol. v., pp. 221, et seq. 


* Trans, Aust. Inst. M.E., 1898, vol. v., p. 221. 


t Min. Ind., vol. xvi., 1907, p. 680. 
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Composition of Zinc Crusts. — Before liquation, it is difficult to 
determine the average composition of these, owing to the lead which they 
retain mechanically; even after liquation some free lead still remains, being 
prevented from running together by films of zinc, lead, and other oxides* 
between the globules. Besides gold, silver, copper, iron, &c., tellurium, if 
present, becomes concentrated in the silver crust,* whence part of it becomes 
volatilised during the operation of retorting as telluride of zinc, the remainder 
finding its way into the retort bullion, and, finally, into the last litharges, 
where no doubt it exists as a tellurite of lead. 

The following table shows some analyses of zinc crusts. 

Use of Aluminium - Zinc.t —^Not only is the lead contained in the 
zinc crust prevented from liquating out perfectly by the films of zinc and 
lead oxides, but the perfect collection of the zinc-silver alloy is also impeded 
by these same films, and this is the principal reason why it is not possible 
to desilverise with a single addition of zinc. At temperatures up to 500"^ 
the lead will not dissolve sufficient zinc to carry up all the silver present, 
and if it be attempted to raise the temperature to 700° with the idea of 
dissolving the whole quantity of zinc at one operation, so much oxide, both 
of lead and zinc, is formed that liquation is impossible, and a great deal of 
the silver remains in solution instead of going into the crust. Any addition, 
therefore, which tends to prevent oxidation of the lead-bath during the 
progress of desilverisation will facilitate the operation and yield a richer 
crust. Such a substance was found by Bossier and Edelmann J in aluminium, 
I per cent, of which completely prevents oxidation of zinc at the ordinary 
desilverising temperature, while even the amount of 0’007 per cent. A1 by 
weight in the lead-bath which is being desilverised—if free from copper and 
arsenic, and very low in antimony—^practically protects it from oxidation, 
the surface remaining bright and metallic. 

Antimony, in the proportion of 0*1 per cent, or less, does not interfere; 
1 per cent., however, interferes very much with the separation, besides 
causing a high zinc consumption. In the presence of so little as 0*1 per 
cent, of coffer, however, or 0*05 per cent, of arsenic, the protective influence 
of aluminium disappears, and oxidation takes place, with consequent incom¬ 
plete separation of the crust from the lead. All lead bullion, therefore, 
which is not thoroughly softened requires to be further purified by means 
of a copper-zincing before adding the aluminium-zinc alloy. 

In practice, the Al-Zn alloy, with J per cent. Al, is produced by melting 
the zinc and stirring in the aluminium; this molten alloy, in quantity suffi¬ 
cient to extract all the silver present, is poured into the lead-bath, previously 
freed from copper and arsenic and thoroughly stirred at a temperature 
somewhat over 500° C. As the bath cools, two successive crusts are removed, 
the first (called the ‘‘ cream crustcontaining most of the oxidised material, 
and resembling ordinary crusts in appearance; while the second, though 
richer in metallic lead, is almost free from oxides, and carries most of the 
silver. 

At HoboJcen, near Antwerp, § where this process is carried out on base 

* Heherlein, Berg> n. H. Zeitung, 1895, p. 41. 

t April 4, May 16, 1891, also Sept. 2 and Dec. 12, 1893. j; Ibid. 

§ Schnabel, Handbuch der Metallhvttenhmde, vol. i., p. 576 ; also E. and M. J.,, 
Sept. 2 and Dec. 12, 1893. ^ i 
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Gold Crusts. 

Port Pirie, 

S.A. 

o 

.' 

lio . 

00 

i 

Hoboken, 

Antwerp. 

os 

O lO ' 

OOr-H.rh . 00 ' 

a .. 

1> rH cc 

Silver Crusts. j 

Port Pirie. 

00 

. S - 

. CO • 

Hoboken, 

Antw'erp. 

o 

iC O O 

. 

iOlO 00 .... . 

CD r~l 

Bley berg, 
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an overplus of silver caused by loss in tbe ordinary commercial assay of the 
base bullion. 

Aluminium-zinc is also used in the refineries at Bleyberg, and at other 
places in Belgium and Germany. 

TREATMENT OF ZINC CRUSTS AND ALLOYS. 

As withdrawn from the pot zinc “ crustsor “ skimmings contain 
not only a large quantity of lead alloyed with the zinc, but also an excess 
of lead mechanically entangled in the spongy mass, and prior to the further 
treatment of the crust this entrained lead must be got rid of, which is done 
either by liquation in kettles or in furnaces, or by squeezing in the Howard 
press. 

Liquation in Kettles or Pans.—In this system each desilverising 
pot has by its side two smaller and shallower pots.*^ The American liquation 
kettle is always made with a convex bottom, as shown in Fig. 248, but on 
the Continent the form shown in Fig. 248a, is often used.f The liquation 
pot, of whatever form, must be heated very gradually, otherwise some of 
the zinc crust will be re-dissolved in the liquated lead. When no more lead 
exudes, that which is liquated is tapped 
into the liquated lead pot set below, and 
the crust is withdrawn and broken up, 
while still hot and brittle, into small 
pieces for subsequent treatment. This 
is done by bruising and cutting it with 
a shovel, or by forcing it in a pasty con¬ 
dition through an iron grating. 

The liquated lead amounts to from 
40 to 60 per cent, by weight of the 
crust charged ; that from the gold crust 
assays 100 to 250 ozs. of silver per 
ton, and is added to the desilverising pot before the gold-zinc of the next 
charge; that from the silver crust assays 30 to 40 ozs., and is added to the 
next charge before the first silver-zinc. At Freiberg the liquated lead from 
a crust containing 1,200 ozs. of silver, which leaves the pot lead with 8 ozs. 
of Ag, runs itself only 11 ozs. It may be stated, as a general rule, that when 
liquation is performed carefully, whether in pots or in furnaces, the liquated 
lead will run from 30 to 40 per cent, higher in silver than that left in the pot 
from which the crust was removed. 

Seeing, moreover, that in kettle liquation the crust has to float on a 
bath of lead, it is obvious that with the slightest want of care, or overheating, 
some of the precious metal contents of the crust will be redissolved by the 
underlying lead. In order to overcome this objection at Montefoni a shallow 
liquating pan has been introduced, the bottom of which has a gradual slope 
towards a smaller kettle in which the liquated lead collects, the connection, 
between the two being always open. The steady drawing away of the lead 
as soon as melted, and before it can redissolve the crust, answers so well that 
from a dry liquated crust running from 1,600 to 2,600 ozs. of silver the liquated 
lead will usually contain less than 15 ozs.J 

* Hofman, O'p. cit., 1906, p. 463. t Schnabel, op. cit, vol. i, p. 544. 

J Ferraris, E. and M. J., Oct. 25, 1905, p. 783. 
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lielp of constant rabbling and a smoky flame of uniform temperature, is 
liquated in four hours, the lead accumulating in the lower part of the hearth, 
from which it is tapped out about twice a shift into the kettle. At first 



a: 






the charge is deposited chiefly at the lower or cooler end of the hearth, and 
is only drawn upwards nearer the fire as it loses lead and becomes more 
infusible. The daily capacity of the furnace is about 9 tons of crust, the 


Figs. 252 and 253.—Howard’s Improved Alloy Press. 
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output of liquated lead is about one-third of the weight of crust charged^ 
and its silver contents average, as already stated, about 40 per cent, more- 
than that of the lead left in the pot from which the crust was removed ; 
thus, at Port Pirie, the liquated lead from the silver crust averages about 
120 to 130 ozs., while that from the gold crust averages only about 210 ozs. 
per ton. Gold crusts generally lose less weight in liquation than silver 
crusts, being already drier to start with. Great care must be taken not 
to overheat the crust, since overheating drives gold and silver back into the 
lead. The coal consumption in liquation is not generally accounted for 
separately; it averages less than i per cent, on the weight of bullion treated. 

The Howard Press.* —This ingenious appliance, which has revolu¬ 
tionised the handling of zinc crusts, is shown in Figs. 252 and 253. It 
consists of a cylinder, F, tapered upwards, a perforated bottom, 6, pivoted 
on the horizontal shaft, K, the ends of which rest in sockets in the uprights. 
S S, allowing the bottom to turn around the axis of the shaft. By means 
of the lugs, H H, the cylinder is movable along the uprights S S. At B 
is a motor, air, steam or electric, driving a pinion, D, which engages with the 
spur wheel, E, into which is threaded the screw, A. The whole frame, E E, 
which, with its contained mechanism, is slung from NN hangs vertically 
from a traveller, and when the motor is started the alloy cylinder and uprights, 
S S, with the motor and gears all move upwards vertically against the screw, 
A, with its toothed plunger, C, and along the guides, P. 

When the cylinder is full of skimming and by the starting of the motor 
is brought up against the toothed plunger, the teeth sink into the skimming, 
and so press out the liquid lead and facilitate its escape through the perforated 
bottom. The motor is then reversed and the cylinder is run down, the toothed 
plunger is given part of a turn, so as to put the teeth in a different position, 
and the motor is again started upwards, making a series of holes in the mass 
of crust. By repeating the process several times most of the free lead in 
the crust is expelled and the residue becomes quite dry. When the pressing 
is over the cylinder can be hooked on to the plunger by the hooks, I, and 
on reversing the motor the compressed cake follows the bottom, which can 
then be tilted so as to dump it where desired. 

The repeated puncturing of the mass of crust by the teeth of the plunger 
in a variety of positions serves not only to facilitate the escape of the lead, 
and so produce a very dry crust, but also to facilitate the breaking of it up- 
into small pieces, which is necessary before it can be retorted. 


Treatment of Liquated Zinc Crusts. 

The original method of Parkes (1852-59) was to distil off the zinc in an 
ordinary Belgian furnace, but the retorts would not stand, and the process 
had to be abandoned for a time. Of late years, however, chiefly owing 
to the introduction of plumbago retorts and of improved furnaces, this process 
has again come into vogue and has, to a great extent, displaced other methods, 
except in a few localities. Three principal processes may be distinguished, 
the object in each being to separate the zinc and leave the silver in a rich 
lead suitable for cupellation. 

* Private. Notes, 1902. 
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1. Flaeli’s process of smelting the liquated crusts with ferruginous slags 
in a cupola and driving oS the zinc into the slag and flue-dust. 

2. Corduries’ process of oxidising the zinc, together with part of the 
lead, by means of steam at a red heat. Zinc may be recovered as basic 
carbonate by means of Schnabel’s process. 

3. Parkes’ process of distilling ofl the crusts and recovering most of the 
zinc as metal. 

Besides the above processes for the treatment of ordinary zinc crusts 
with from 4 to 13 per cent, of silver, two special processes, applicable only 
to the treatment of the rich zinc-silver alloy of the Bossier aluminium-zinc 
process, must also be briefly referred to, viz. :— 

4. The sulphuric acid process ; and 

5. The electrolytic process, in which the zinc is recovered as very 
pure metal. 

1. Plach’s Process.—This process was in use many years ago at several 
works in England and on the Continent, including the Mechernich works. 
It consisted in smelting down the crusts (in a low square furnace or cupola 
of 4 to 8 square feet sectional area and not over 8 or 9 feet high, provided 
with exterior crucible) together with tap or puddle cinder as iron flux to help 
to carry off the zinc, a large excess of slag, and sometimes lead matte.* The 
blast required is of considerable volume, but low pressure (under J inch 
mercury). Any copper in the crust is taken up by the matte, while the 
silver goes into the lead. None of the zinc, however, is recovered, and the 
losses of lead and silver in flue-dust and foul pasty slags are considerable; 
the process has, therefore, been superseded by the distillation process here¬ 
after described, as regards the treatment of silver crusts. At one or two 
places, however, it has survived up to quite recently for the treatment of 
gold-copper crusts poor in silver, for the bullion obtained by distilling them 
is very coppery; whereas by smelting them with matte a comparatively 
soft and easily cupelled bullion is obtained. 

2. Cordurie’s Process.— This process, first used at Havre in 1866, is 
still to be found in a few English and Continental works, notably, in the 
former, Walker Farkers^ Flintshire works, and, in Germany, at Altenau and 
Lautenthal (Harz). 

The same apparatus is employed as for softening and refining the base 
bullion.f The charge of zinc crust is 10 tons, which, owing to its semi- 
oxidised condition, takes eight hours to melt down. As soon as it reaches 
a cherry-red heat, dry steam, at 30 to 40 lbs. pressure, is turned on and 
blown through for about four hours. Large quantities of zinc and lead fume 
(containing some silver) are given off and drawn by means of a steam jet 
through a suitable series of condensing pipes, which must be water sealed 
in order to avoid explosions, as the steam becomes partially dissociated 
and the escaping gases contain some oxygen as well as large quantities of 
hydrogen. The pots are rapidly eaten away, only lasting, as a rule, for 
twelve charges. The consumption of fuel is 13 per cent.—^viz., 9 per cent, 
for heating the pots, and 4 per cent, for production of steam. The products 
are about equal parts by weight of rich lead and of rich oxide, which floats 

* Hof man, op. cit, 1906, p. 483. 

t V. Rigs. 218 and 219 and accompanying description in Chapter xiy. 

27 
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on tile top and is skimmed ofi, besides flue-dust, tbe amount of wbich is not 
stated. Tbeir composition is given in tbe following Table:—* 

TABLE L.— ^Products from Cordurie's Process. 



Rich Lead. 

Rich Oxides. 

Flue-Dust. 

Altenau. 

Lautenthal. 

Altenau. 

Lautenthal. 

Lautenthal. 

Pt. 

96*3448 

95-1404 

37*845 

30*065 

0*71 

PbO, .... 


. . 

32*14 

36*87 

28*20 

Zn,. 

0*0027 

0*0023 

1*35 

1*90 

0*12 

ZnO, .... 


.. 

23*37 

23*24 

69*60 

Cn,. 

0*8279 

0*4645 

1*12 

1*24 

0*17 

Ag,. 

2*4100 

3*6500 

1*245 

1-855 

0*03 

Bi,. 

0*0142 

0*0169 




BLOg, .... 


.. 

6*43 

6*44 


Sb,. 

0*3914 

0*7201 



6*17 

Sb.Og, .... 



i*06 

6*57 


AS 203 , .... 


.. 

! tr. 


tr. 

Be,. 

0'0054 

0*0044 




FeoOg, .... 


.. 

i44 

3**82 

0*34 

AloOg, .... 



! 

.. 

0*24 

Cd,. 

tr. 

tr. 

tr. 

tr. 

.. 

Ni,. 

0-0036 

0*0014 

! tr. 

tr. 


Insoluble, 


•• 

1 


6**42 


100*0000 

100*0000 

1 100*000 

1 

100*000 

100*00 


Tbe rich lead is cupelled direct, the flue-dust is leached with dilute sul¬ 
phuric acid to dissolve out the zinc, leaving the silver in an insoluble plumbi- 
ferous residue for further treatment. The oxidised portion was formerly- 
added, a portion at a time, to the rich lead during cupellation, by which 
means the greater part of its silver contents became concentrated in the 
lead, while the oxides removed from the furnace were subsequently smelted 
with lead ores to recover the remainder. By this process, however, not 
only was the zinc all lost, but the volatilisation loss of silver was very high. 
Nowadays, at Lautenthal, the zinc oxide is first removed by Schnabers 
process, when the residue is very perfectly absorbed by the lead-bath in 
cupellation. 

2a. Schnabel’s process,f in brief, consists in dissolving out the zinc (and 
copper) oxide by means of a cold 9 per cent, solution of ammonium carbonate, 
in revolving cylinders holding 1 to 1J tons, the operation taking twelve hours. 
The mass is passed through a filter press, which retains the lead and other 
oxides and the silver; the solution, containing only zinc and copper in 
solution, passes to a second revolving cylinder, in which it is treated with 
metallic zinc to precipitate the copper; and then to iron stills, in which 
it is boiled with steam. The zinc is precipitated as basic carbonate, while 

* The composition of the original crusts is given in Table XLVIII.; the present 
analyses are from Schnabel, op. cit, vol, i., p. 562. 

t Zeitschrift fUr Berg- Hiitten- und Salinen-Wesen, Bd. xxviii., 1880 ; also Schnabel, 
op. cit, pp. 564-571. 
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tlie ammonia and one-half the carbonic acid are expelled and condensed 
in a series of iron Woulffs bottles, through which carbonic acid gas from 
burning fuel is also passed to make up for that removed by the precipitate. 
The basic carbonate is converted in small reverberatory furnaces into white 
zinc oxide, which, however, is inferior in covering power to that produced 
by sublimation. The consumption of coal is 1 to l| tons per ton of oxides 
treated. 

The advantage of the process consists rather in the decreased loss of 
silver * than in the value of the zinc oxide produced, which is not sufficient 
to cover the cost of treatment. The process is now also in use at Hoboken 
(Antwerp), for treating the oxidised portion of the rich aluminium-zinc 
crusts after liquation. The residues are scorified on a lead-bath and the 
resulting slag does not contain over 0*06 per cent, silver (say 20 ozs. per 
ton), whereas the slags produced by scorifying the oxides in their original 
condition without previously extracting the zinc, contained at least 0*3 per 
cent, silver (say 100 ozs. per ton). 

3. Parkes’ Distillation Process.— 

This process, since the introduction of 
plumbago retorts by Morgan in England, 
and, subsequently, by Balbach in America, 
has become well-nigh universal for treat¬ 
ing zinc crusts. It offers the following 
advantages:—(1) Quick yield of practic¬ 
ally all the silver in the form of rich lead ; 

(2) simple and inexpensive plant; and 

(3) recovery, in a metallic condition for 
re-use, of 60 per cent, of the zinc origin¬ 
ally used in desilverisation. 

Furnaces Employed. — At most 
refineries in England and on the Con¬ 
tinent fixed furnaces are preferred, but 
in America, where saving of labour is the 
great desideratum, the tilting furnace of 

Faber du Faur, used at Mechernich and .‘ . ^ ->-<-J 

at one or two other places in Europe, is Fig. 254.—Morgan Crucible Furnace, 
almost universal. 

Of fixed furnaces, three principal forms may be mentioned, the first of 
which is adapted either to direct or to gas heating, the other two being 
invariably heated by flame from a separate fireplace or by gas. In all 
the illustrations the same lettering is employed to facilitate reference. 

a. The Morgan crucible furnace was formerly in use at a majority of 
English refineries as well as at Freiberg. Its construction is plainly shown 
in Fig. 254. The plumbago crucible R, 22 inches high, 15 inches diameter, 
.and 2 inches thick, holding 5J gallons, is provided with a hood and pipe 
(3 inches diameter) of the same material, to the latter of which is adapted 
a sheet-iron condenser, c. The fireplace, 6, is packed with coke all round 
the crucible, which rests on a firebrick pillar, and the top of the furnace 
is removed by a chain and tackle, as required, while the products of com* 

* The silver extracted is usually 1J to 2 per cent, above the contents of the oxides as 
shown by ordinary assay. 
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bustion escape by tbe iue /. The charge is about 5 cwts. of crust, taking 
eight hours to work off, and the crucible lasts for forty to eighty charges. 
The zinc is removed from the condenser in the form of a lump. The rich 
lead is dipped out by means of a small pot-shaped dipper attached to a long 
handle. Other particulars are given in Table LI. 

h. The Continental tube-retort furnace, shown in Figs. 255 and 256,* in 
which R R are the retorts, c a condenser, h the gas producer, and o o channels 
underneath the hearth of the furnace, through which heated air is admitted 
to the heating or combustion chamber. Furnaces of this description are 
in use at Ems, Brauhach, Tarnowitz, and other places in Germany, also at 
Hoboken (Belgium). The retorts may be of plumbago, or, more simply, 
of mixtures of clay and coke, which, with care in use, last almost equally 
well. As many as five retorts are placed side by side across the hearth 
of a reverberatory. Retorts have been made 2 feet in diameter to hold 
as much as 1 ton each, but the best results are given by small retorts holding 
about 5 cwts. each. The condensers are of fireclay and plumbago, and the 
rich lead, after the retorting is completed, is tapped from the bottom of the 
inclined retort into small moulds. The distillation lasts twelve hours, and 
each retort lasts from 60 to 130 charges. Other particulars are given in 
Table LI. 

c. The regenerative gas-fired fixed bottle-retort furnace in use at Port Pirie 
(which has replaced the non-regenerative furnace formerly in use and figured 
in the first edition of this work) is shown in Figs. 257 and 258.t These 
furnaces are built in blocks of two back to back, each holding two retorts, 
or four retorts to a block, each block being served by a gas producer shown 
in section in Fig. 257. The producers are supplied with air blown in by 
a steam jet under the grates, so that they make a mixture of water gas and 
ordinary producer gas, and they have convenient poke holes for clinkering. 
The current of gases is reversed each half-hour, not automatically, but by 
means of a bell signal given by an ordinary clock. Two men look after 
three blocks of twelve furnaces, and the full consumption is only 15 per cent, 
by weight. The retorts employed are shown in Fig. 259. They last on an 
average from 50 to 60 charges, and on account of their heavy cost are always 
used until they break. The space underneath each retort is lined with 
cast-iron plates and provided with a taphole, in order to facilitate cleaning 
up the contents of a broken retort. The condensers used with these retorts 
are cylindrical in shape, made of sheet iron lined with a mixture of cement 
and limestone 2 inches thick, and provided with a taphole. They are carried 
on angle-iron trestle frames resting on 4-wheeled trucks. 

In all these fixed furnaces the rich lead has to be dipped out by means 
of long wrought-iron dippers made of a piece of 4-inch pipe on a long handle, 
or else tapped out from the bottom of the retort; in the tilting furnace the 
finished charge is poured out direct into moulds. 

d. The Faber du Faur tilting furnace, used throughout the United States, 
and at a few European localities, is shown in Figs. 260 to 263.J It consists 
of a cubical box of firebrick set in a cast-iron frame swung on trunnions 
and adjustable by means of a hand wheel working a worm gearing, which. 

■* Schnabel, op. city p. 555. 

t Delprat, Trans. Aust I.M.E.y vol. xii., 1907 ; and Bayly, ibid. 

j Egleston Metallurgy of Silvery Ocld, aiid Mercury in the U.S., vol. i., p. 104. 



Fig. 257.—Sectional Elevation—Regenerative Gay-jQrecl Retort Etu'nacc (Port Pirie). 



Section A.A. Section B.B. 


Fig. 258.—Section—Regenerative Gas-iSred 
Retort Furnace (Port Pirie). 





Fig. 259, —Bottle-shaped Retort 
(Port Pirie). 
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however, in view of the light weight of the furnace, is generally replaced by 
a cross-arm welded on to the extension of the handle, whereby it is quite, 
easy to revolve the furnace and adjust its tilt for pouring. There is an 
opening in front for the neck of the retort, one at the back for the products 
of combustion, and another at the top for charging coke when direct-firing 
is employed. 

The retorts are of plumbago and hold from 800 to 1,000 lbs., the usual 
size being 36 inches to 38 inches long, 8 inches wide at the neck, 18 inches 
to 22 inches at the belly, and 13 inches to 16 inches at the bottom ; the 


Fig. 260. Fig. 261. 



Fig. 262- ■ Fig. 2(>:L 


O I Z 3 •*l't 

-1-1_I_I 

Figs. 260 to 263.—Faber du Faur Tilling Furnace. 

thickness varies from 1| inches at the sides to 2 inches at the bottom. Con¬ 
densers adapted to the furnace are of various forms and materials, such as 
cast iron, plumbago, and sheet iron lined with brick or clay; they may 
rest upon a tripod, hang from hooks on the furnace frame, or rest upon a 
wheeled truck so as to be more easily handled. They may be closed 
entirely, or, as is more usual, have an aperture for escape of the CO 
and other uncondensable fumes, and the condensed zinc is usually tapped 
at intervals into small moulds. Probably the commonest type of condenser 
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is made simply of skeet iron | inch thick bent to form a pipe some 10 
inches in diameter by 18 inches long, closed at the end save for a 1-inch 
hole, lined with from 1 to 2 inches of fireclay, and fastened to the neck 




Fig. 265. 


Figs. 264 and 265.—Oil-burning Tilting Furnace. 


of the retort by a couple of light chains at¬ 
tached to the side of the furnace in such 
fashion as to hang slightly downwards. 

Oil-firing has come into use of late years, 
and is a great improvement. The construction 
of oil-fired tilting furnaces, as used at Perth 
Amboy, is shown in Tigs. 264 and 265,* while 
Fig. 266 is a section of the oil burner employed. 
The carbon shield shown in Fig. 265 is a piece 
of an old retort which is used to protect the 
working retort from the direct impact of the 
intensely hot oil flame. 

Mode of Working. —Whatever the type 
of furnace the operation of distilling is sub¬ 
stantially the same. The zinc crust, broken to 
pieces the size of a nut, or smaller, is mixed 
with 1 or 2 per cent, of powdered charcoal, and 
charged into the already heated retort by means 
of a scoop. The temperature is then raised to 
a bright yellow heat, and more of the crust 
added as the mass begins to molt down, until, 
after a half to three-quarters of an hour, the 
retort has received its full charge. The con¬ 
denser, which is usually of sheet iron, with a 



Fig. 266.—Oil Burner. 


small hole for the escape 
* E. and M. Jan. 12, 1907, p. 84. 
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of vapours, is tlieu luted ou, and tlie temperature kept as kigli and as 
steady as possible, for any irregularity causes accumulations of crust on 
the lead, and of blue powder on the neck of the condenser. Zinc com¬ 
mences to distil over when the temperature reaches 670° C., and 90 per 
cent, of it has come over by the time the temperature has risen to 1, 
200° C., but it is not completely expelled before a temperature of 
1,290° to 1,300° C. is reached. The condensed zinc is drawn ofi at 
intervals by opening the taphole and collected in moulds; more of 
it being always obtained from silver- than from gold-crusts, which, indeed, 
in some cases, as at Port Pirie, yield no zinc at all. The distillation takes 
from six to twelve hours, according to the size of the retort and the type 
of furnace employed, and the end is known by observing that no more zinc 
continues to be condensed after tapping ofi that in the condenser. The 
lead is then ladled out through the neck of the retort in furnaces belonging 
to classes a and c, tapped out from the bottom in those of class 6, or, finally, 
poured by tilting, in the case of the Faber du Faur furnace. In any case, 
after emptying the retort of lead, it is essential that all retort dross, charcoal, 
and slag adherent to the sides of the retort be carefully scraped out through 
the neck with an iron scraper, as also, in the case of direct heated retorts, 
that clinkers adherent to the outside be removed. The latter operation is 
much facilitated by coating the outside of the retort with a thick clay wash. 
A quantity of fine charcoal is then thrown into the retort to prevent forma¬ 
tion of litharge, which would soon cut through the sides, and then another 
charge is added. With a good system the time lost in charging and refilling 
should not exceed twenty minutes. 

Inclined retorts are frequently turned round in their supports in order 
to expose a difierent part of the retort to contact with the surface of the 
lead-bath; they are best rotated a quarter of a turn after each ten or a 
dozen charges. 

Eosing proposed to facilitate distillation in a tilting furnace by pouring 
in molten pig iron to expel the zinc. After all the zinc was condensed, the 
furnace was tilted, the molten iron poured off (to be used over again), and 
then the lead poured out as usual. The innovation, however, has not stood 
the test of practical convenience in working. 

Products of Distillation. —The products are :—(1) Condensed zinc, 
(2) retort bulhon, (3) retort dross, and (4) blue powder. 

The zinc distilled ofi is comparatively free from precious metals, as is 
illustrated by the fact that zinc obtained by retorting rich cyanide 
precipitates containing 40 per cent, of precious metals contains only 7 ozs. 
of silver per ton. Such loss as does take place is rather mechanical than 
due to volatilisation, at all events so long as the temperature does not 
rise above 1,500° C. As the condensed zinc is all used over again there 
is no absolute loss. 

The retort bullion contains the greater part of the precious metals con¬ 
tained in the alloy or liquated crust charged, more especially when treating 
silver crusts, and when the softening of the work-lead was properly performed. 
It is treated by cupellation, as will be seen hereafter. 

The retort dross is always as rich in precious metals as the original crust ; 
in the case of that from gold crust it is often much richer in that metal than 
* Berg- und Hiittenmdnnische Zeitung, 1890, p. 369. 
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the original crust, and indeed than the retort-bullion obtained at the same 
time. Further reference will be made on another page to this product and to 
the blue powder as bye-products of the process. 

Examples of the Distillation Process.—At Perth Aniboy,^ there 
are eighteen oil-fired Faber du Faur furnaces of the pattern shown in Figs. 
264 and 265, each of which takes per charge worked ofi 50 gallons of petroleum 
residue. The charge is 1,200 lbs. of crust broken small, together with a 
little charcoal, and the operation lasts six to seven hours; the condenser 
runs upon a travelling support for more ready removal, and the retort lead 
upon tnting the furnace runs by means of a little clay-lined launder direct 
into one or other of the seven cupelling furnaces. 

At the National plant f (S. Chicago) there are twelve similar oil-fired 
furnaces. The retort bullion is poured from the retort into a tilting pan 
lined with firebrick carried on a travelling truck. After wheeling to the 
cupelling hearth compressed air is admitted below a piston which raises 
the pan and allows its contents to be poured direct into the cupel hearth. 

At PemrToya,% the coppery crusts resulting from the low-grade work-lead 
treated are retorted in fixed crucible furnaces regeneratively gas-fired, but the 
coppery dross produced which contains 20 to 25 per cent, copper is larger 
in amount than the retort-bullion, and has to be treated by matting, as 
already described.§ These furnaces are very similar to those at Port Pirie 
next to be described, and the condensers are supported on trucks as at that 
place. 

At Port Pirie || the gas-fired retorts shown in Figs. 257 and 259 are 
•employed. The charge for each is 12 cwts., which, however, cannot be all 
added at once, but is put in little by httle by means of a long-handled scoop 
as the charge melts down, about one shovelful of charcoal being roughly 
mixed with it. Charging and melting down takes about three-quarters of an 
hour. The condenser is a cylinder of cast iron hned with 2 inches of cement 
and crushed limestone, provided with a taphole at its lower end, and resting 
upon an iron frame supported by a httie four-wheeled truck, so that it is 
■easily run into position and the joint with the retort plastered with clay. 
Eetorting this large charge takes about twelve hours, after which the con¬ 
denser is run back, the dross skimmed, a row of moulds on a trolley is inn 
up, and the bullion is dipped out by means of a long-handled baler by the 
•operator, whd stands upon a movable platform, and is protected by gauntlets 
and by a sleeved apron of sacking. Skimming, dipping, and scraping take 
about an hour. The weights and assay values of the difierent products 
are given in Table LI. 

The retort bullion from silver crusts at Port Pirie is treated by cupellation 
in the ordinary way (v. Chapter xvii.). The retort bullion from gold crusts, 
however, is comparatively poor in silver and even in gold (much of the gold 
being contained in the comparatively large quantity of dross produced). 
It is, therefore, allowed to accumulate until there is enough for a charge 
(35 tons) of the “ Special Parkes" pot,"" in which it is melted down slowly, 

* 0. PufaRl, Z, f, B. u. H. W., 1905, p. 400. 

t 0. Pufahl, Zeits. /. B, u. H, W,, 1905, p. 400. f Private Notes, 1908. 

§ Together with the dross from the softening furnace; see Chapter xiv. 

11 Private Notes, 1896; also Delprat, T. Aust l.M.E,, vol. xii., 1907, pp. 1-29; and 
Bayly, same volume, pp. 80, et seg^. 



TABLE LI. —Work Done in Zinc-Crust Distillation Furnaces. 


426 


THE METALLURGY OF LEAD. 











THE PARKKS PROCESS. 


427 


yielding from 7 to 9 tons of dross, which contains most of the copper and 
enough gold for cupellation. This special pot dross is treated together with 
the retort dross upon a sweat cupel. The drossed bullion is now treated for 
its precious metal contents by means of three zincings. The first with 700 lbs. 
of zinc yields a “ special gold skim,'" which is not pressed, on account of the 
danger of driving back particles of it into the pot, and so losing gold, but 
only drained as thoroughly as possible and then retorted, yielding a ‘‘ special 
gold dross," which is cupelled together with the gold retort and special 
pot drosses above mentioned, and a “ special gold retort bullion," which 
contains gold at the rate of from 30 to 40 ozs. per 1,000 ozs. of silver, and is 
cupelled up to “ special dore bullion." 

The residual lead bullion in the pot after separation of the gold is zinced 
twice for silver in the ordinary way. 

Comparison between the Different Furnaces.— The Faber du 
Faur furnace requires less labour, but consumes more fuel than the fixed 
furnaces, and is always more expensive in retorts, not only when direct-fired, 
but even, though to a less extent, when oil-fired, the average life of the retorts 
being from 25 to 50 charges. Hence, where the item of labour is of greater 
importance than either the cost of fuel or that of replacing retorts, as in the 
United States, the use of this furnace is general. In Australia labour is 
dear, but fuel is dearer than in the U.S., and the first desideratum is economy 
of the costly retorts, which can only be obtained from England ; the tilting 
furnace, consequently, is at a disadvantage compared with the large gas- 
fired fixed furnace in which the retorts last nearly double as long, and in 
which there is a great economy of fuel due to the adoption of the regenerative 
principle. Gas- or oil-fired furnaces have a great advantage over those 
with direct coke firing in case of a broken retort, the recovery of the contents 
of which from among a mass of half-burnt coke is a troublesome job. 

Treatment of Very Kici-c Zinc-silver Ali^oys. 

(From the Al-Zn Process.) 

4. The Sulphuric Acid Process.—In this the alloy is melted, granu¬ 
lated in water, and then treated with chamber acid in lead-lined iron pots. 
The zinc is dissolved out as sulphate, which, after running the solution 
through an asbestos filter containing scrap zinc to retain traces of silver, 
can be crystallised out for market. The silver and lead remain together 
in a semi-crystalline slime, which is run through a filter press; the cakes 
are moistened with a saturated solution of borax, dried, and melted. 

5. The Electrolytic Process.*—The alloy is cast direct from the 
liquation pots in which it has been subsequently melted, into moulds, 14 inches 
by 4 inches by ^ inch, to form the anode plates. The cathodes are circular 
sheets of zinc fixed upon a horizontal spindle which revolves just above 
the surface of the bath.- The electrolyte is a solution of MgCL saturated 
with ZnCl.j; its specific gravity is 1'2 to 1*27. The zinc is deposited in 
sheets with an irregular warty surface ; they contain 0*0099 to 0*0044 per 
cent. Fe, 0*0114 to 0*0210 per cent. Cu, 0*0341 to 0*0500 per cent. Pb, tr. to 
0*002 per cent. Ag, and 99*9466 to 99*9226 per cent. Zn; the product selling 
as c. p. zinc at a high price. The silver slime contains, on an average, 74^to 

* E. and M . */., Dec. 2, 1893. 
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80 per cent. Ag, 10 to 12 per cent. Pb, l^- to 5 per cent. Cu, 0*2 to 0*5 per 
cent. Zn, with some As, Sb, and Fe. It is stirred in a leaden vessel with very 
dilute sulphuric acid to dissolve metallic oxides, and pieces of iron are then 
added to reduce any AgCl present. The purified slime, containing 80 to 
85 per cent. Ag, and about 15 per cent. Pb, is pressed into cakes, which are 
dried and refined upon a cupel in charges of 2 cwts. at a time, without any 
addition of lead, the operation taking eight hours. 

At FriedriclisJiutte (Silesia) * zinc-silver alloy is treated by this process. 
As made up into anodes it contains Ag 6*3 to 11*3 per cent., Cu 6 to 8 per 
cent., Pb 2 to 3 per cent., Ni and Co 0*5 to 1*0 per cent., Fe 0*25 per cent., 
A1 0*5 per cent., Zn 81*3 to 78*6 per cent. The electrolyte is zinc sulphate, 
the current employed 7i to amperes per square foot of cathode area at 
1*25 to 1*45 volts. The anode mud, which contains Ag 30 to 50 per cent., 
€u 50 to 30 per cent., Pb 10 to 15 per cent., the remainder being Zn, is treated 
with sulphuric acid to dissolve out zinc and copper, and is then added to the 
cupel charges. The process has, however, proved expensive, more especially 
in view of the small amount of alloy produced by the works, the work-lead of 
which is very low in silver. 

Bye-products of the Parkes Process. 

Besides the bye-products obtained in softening and refining, which have 
been already described in Chapter xv., though the latter at all events is 
properly a bye-product of the Parkes process, the bye-products peculiar 
to the Parkes process are retort dross and blue powder, both obtained in 
the distillation. 

Retort dross is a lead-zinc-copper alloy rich in silver and containing 
more or less carbon, silica (from the retort), and other impurities. It may 
be disposed of by adding a little at a time to the regular cupelling charge, 
or to the bath of lead low in silver with which a new cupellation hearth is 
usually charged. Sometimes, after dressing, it is added to the charges of 
work-lead in the softening furnace, in order that its impurities may be taken 
up in the skimmings. This practice is, however, objectionable, since it 
results in contaminating the residual metal with copper and zinc, neither 
of which are at all desirable additions. 

At Port Pirie f the retort dross from the ordinary gold crusts, mixed 
with the “ special pot dross and the “ special gold retort dross "" already 
described, is smelted upon a cupel hearth in charges of half a ton at a time 
together with “ special gold retort bullion,"" the copper being gradually 
slagged away in a litharge-slag which carries about 2 dwts. of gold and 40 to 
50 ozs. of silver per ton, and the product a “ gold concentrate"" bullion 
which contains 500 to 600 ozs. of gold and 17,000 ozs. of silver per ton. This 
gold concentrate is brought up to dore bullion on a second cupel. The 
retort dross from the silver crusts, which is richer in copper than the retort 
bullion, and about three-fourths as rich in silver, was formerly sweated on 
cupels, but is now J sweated in a reverberatory of 10 tons" capacity like the 
antimony-skimmings" furnace {q.v., Chapter xiv.) built in a wrought-iron pan. 

* Zeitschr. /. Elektrochemie, viii., 1902, March 6, p. 140 ; and abstract in Min. Ind., 
xi., 1903, p. 453. 

t Private Notes, 1896; and Delprat, Trans. Aust. I.M.E., vol. xii., 1907, pp. 1-29. 

j Bayly, Trans. Aust. I.M.E., vol. xii., 1907, pp. 80, et seq. 
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Tke charge at first is 200 bars (5 tons) of silver-free lead. When this is melted 
750 lbs. of dross is charged and roasted to drive out zinc ; then 750 lbs. of 
litharge from the cupels is added together with 25 lbs. of coal dust for 
reduction. Every two hours a charge of 750 lbs. of dross is roasted and 
then melted down with litharge and coal dust, as above, until the furnace 
is full. Once a shift the furnace is skimmed, yielding 22 to 23 cwts. of slag, 
the so-called dross-furnace slag,'" containing Pb 50 per cent.. Zn 34 per 
cent., and Ag 300 ozs. per ton, besides a good deal of copper, which is sent 
to the refinery blast furnace. When the furnace is full it is skimmed clean, 
cooled back, and the lead is tapped into a kettle from which it is baled, as 
usual, into moulds. The resulting “ dross furnace bullion " contains about 
3,000 ozs. of silver, and is cupelled (see next Chapter). 

Eeference has been already made to the fact that when distilling gold 
crusts, particularly those obtained from imperfectly softened bullion, the 
retort-dross is frequently higher in silver and in gold (especially the latter) 
than the retort bullion obtained at the same time. Blakemore gives * a list of 
assays of these products, from which it would appear that when high in copper 
the dross is frequently twice as rich in silver as the retort-bullion, and more 
than ten times as rich in gold. The advantage of a very thorough softening 
of the original work-lead is thus once more demonstrated, since practically 
all the copper not removed by softening or in the form of pot dross comes 
out with the gold in the first or gold crust, and the more the copper contents 
of this the greater the amount of retort dross made and the higher its gold 
contents. The same author gives an analysis of a white hard brittle alloy 
occasionally found on the surface of retort bullion when treating work-lead 
high in gold and copper, and which contained Cu 29 per cent., Zn 55*8 per 
cent., Pb 3 per cent., gold 2*64 per cent., silver 9*85 per cent.t 

The following figures give the composition of the products made when smelt¬ 
ing rich liquated retort dross of the composition mentioned in a reverberatory 
furnace together with galena, in order to yield work-lead and copper matte:— 



Liquated 

Dross. 

Work-lead. 

Matte. 

Speiss. 

Slag. 

Pb, per cent., 

47*1 

90*6 

15*8 

26*6 

19*8 

Cu, per cent., 

32*0 

5*4 

62*3 

47*0 

7*8 

Ag, ozs. per ton, . 

293*1 

355*3 

164*3 

422*0 

14*0 

Au, ozs. per ton, . 

10*5 

8*7 

0*56 

25*8 

0*04 


Here, again, we have renewed evidence of the concentration of gold in speiss,. 
referred to in Chapter x. 

At Penarroya J the very coppery retort-dross is smelted with the litharge 
* Trans. Aust I.M.E.y vol. v., 1898, p. 248. 

f A somewhat similar alloy, though containing much less of the precious metals,, 
is mentioned by Hof man, op. cit, 1906, p. 448, as having been foimd floating on the 
surface of ordinary gold crust. A peculiar silver-white alloy in the Author’s collection, 
from the hearth of a fixed furnace in which the contents of a burst retort had leaked 
down among the bricks, contained silver 25*4 per cent., copper 14 per cent., lead 6*2 per 
cent., zinc 47*7 per cent., and iron 0*6 per cent, 
t Private NoteSy 1908. 
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from tlie cupels and the Hoftenin.ii furnace timsH in iliv rrYi‘rlH‘rutorv fimiiices 
already referred to, the ])roduetH hihu.u workdrad and rttppto- niattia A little 
galena has to be added if (as generally happens) the saftnung furnace dross 
does not carry enough sulphur to carry all the eupper int<j a matte containing 
from 25 to SO'per (‘cnt. of that nndal, u hh’h is sold in t hat form, thnaiHumally, 
in addition to the copper matte, a nickclifcrou.s spinas is protluccd. Analysis 
of one specimen of aueh a speiss gave eepper percent., niekel 33*71 

per cent., arsenic 24*311 per eent., lead o-Ud per eent., silver (1*7(1 per eont., 
antimony 1*62 per cent.^ 

Blue powder eontains a gocul deal of zinc oxide an widl an frean 4 to 18 
ozs. of silver per ton. At.Hoim‘ works it is mixed with idiaivoal and added to 
the next retort charge ; at otlnn's it. in plaeed in llu‘ dcHilvcrising pot before, 
tapping in the softened Icnid, and in tliis vasv it aiTvea Huturnti* the lead 
with zinc, thus saving part of tin* first zincing, at the expense, how*ever, of 
yielding an impure, niueh oxidineii, and very dirty first, ernat. Tin* Onmha 
Works, and perhaps some others in Ameriea, find if. mon* ronvmnent to 
ship their blue powder to European zine works for I r*'atm»*iit. At 
Pirie it is simply sent to the smelter, wdth otlim* refinery protluets, in order 
to save its silver eontents, no attempt being nuuie to utilise the mu\ 

With thoroughly dry an<l eomparativfdy unuxitlistsl erusts. sueh as are 
produced by the aid of the Howard Stirrer and !h*ess, iiiueli less him* fiowder 
is produced in retorting. 

Kettle dross goc*8 bac-k to the softi*ning furnaee ; old retorts to the 
refinery blast furnacav 

Costs and Lobbob.— It in diflieult ti» arrive ut tlie rust of tnsitinent 
by any of the proeessevH, miu*e refineri«*H luive a great objei’tion to publislung 
such figures. According to Hofman * the average coat, intduding 8oft4*mng 
and refining, but exclusive <jf HalarieH and realisation «’harm‘s» is from £1, Is. 
to £1, 58, per ton of base bullion; including these, the rmt may he £1, 13s. to 
£1, 17s. 6d. per ton; wdiihg if the loss in metals and other iiieitfental i‘XpenHes 
be added, the total nbsolutt* <’OHt may ammin! to from £2 to £2, lOs. per ton 
refined. These figures, of eourst*, refer Amerienn works; English refineries 
are run much more eheaply, but it is impoHsibli* to get tigun*s for publieation. 

According to Ile«,t the refining costs at the \\’orks (Denver) were, 


in 1893, as follow's 

1 

1 


d. 

.s. 

tL 

Ijibour, ..... 

. l.iam 


H 

2.40 



Zinc,. 

. O.HIil 



7.05 



Coal,. 

. 0.4!»H 



O.KO 



Coke, ...... 

. 0.021 


.* 

2.05 



Rupplies and rapairn, 

. o.imo 


I 

2.45 



Direct o|Wiratiog titwi. 

. ..- 

4.i:i:i 



17 

2.76 

The indirect cost being 







Interest, ..... 

. i.;ii7 



5,h5 



General exK., .... 

. lok:» 


4 

««.25 



Parting, ..... 

. 2.121 


H 

lO.Oa 



Bye-produotB {treatment of), . 

. 1.402 


n 

2.6SI 



Total indire<it . 

. « 

6.01:» 

-- 


25 

0.76 

Total ooHt, . 

, 

110,150 



£2 2 

3.60 




Op. ciL , 1006, p. 604. 


and M. «/., Aug. IH, IftOO, voL Ixx,, p. 1H6, 
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Tlie above figures refer to the period when hand-stirring was in vogue; 
since the introduction of the Howard Press and Stirrer the operating cosfcs 
have been reduced to $3.45 (14s. 4.5d.), a direct saving due to these appliances 
of 68.5 cents, or 2s. lOJd. per ton. 

The loss of lead is rarely more than 0*5 per cent. ; that of gold (in silver 
not submitted to parting) may be as much as 3 or 4 per cent, where the 
amount is small, say only a few dwts. per ton; but with richer bullion it 
rarely exceeds 1 or 2 per cent. The production of silver is almost invariably 
in excess of the amount paid for and determined in the bass bullion by 
ordinary commercial assay ; the excess varies from ^ per cent, up to 1 per 
cent, or even more in extreme cases. 

Comparison between the Parkes and Pattinson Processes.— 
The Pattinson possesses over the Parkes process the advantages of less com¬ 
plexity, of a simpler plant, and, in the case of lead low in silver and already 
fairly pure produced by reverberatory or hearth smelting, readily yields a 
pure lead of specially high quality suitable for sulphuric acid chambers 
without any preliminary softening or subsequent refining. It is, however, 
not well suited to the treatment of impure blast furnace lead rich in silver, 
nor to gold-bearing leads. 

The advantages of the Parkes process are :— 

1. Lower cost of treatment to the extent of 20 to 50 per cent. 

2. Production of a market lead with only 4 to 0 dwts. of silver, instead of 9 to 15 dwts. 
by the Pattinson process. 

3. Complete recovery of traces of gold. 

4. Much purer market-lead from work-lead originally cupriferous and impure. 

5. Production of a lead for cupellation with 2,000 to 5,000 ozs. silver per ton, as 
against 500 to 650 ozs. by the Pattinson process. 

6. At least 50 per cent, less loss of lead and silver. 

These advantages become of greater importance the richer in silver is 
the work-lead treated. 



CHAPTER XVII. 


CUPELLATION AND REFINING. 

General Description. — By whatever process obtained, the rich, lead 
containing from 250 to 600 ozs. of silver per ton (Pattinson process), or 
2,000 to 5,000 ozs. per ton (Parkes' process) has to be cupelled in order to- 
separate its silver contents. Cupellation consists essentially in melting the 
lead in a reverberatory furnace, and exposing it to a blast of air, whereby 
the lead is oxidised together with the other base metals present, forming 
litharge of various degrees of purity, which runs off, while the silver remains 
on the hearth. Oxidisation takes place partly by direct contact with air 
and partly by the action of molten litharge, which absorbs an excess of 
oxygen, and so exercises a powerful oxidising influence on the underlying 
lead-bath. 

As in softening base bullion, the bulk of the impurities oxidise before 
the mass of the lead, and can be removed by skimming ; the co'p'per, nickel, 
and cobalt in a dross (ahzug), which forms during the melting down; the 
zinc, antimony, arsenic, and tin, if present, in skimmings (abstrich), which 
are, in the German process, removed after the dross and before the clean 
litharge, though in the English process no attempt is made to separate them 
from the bulk of the litharge. Such portion of the cof'per as may not have 
been removed by dressing is only oxidised gradually by virtue of the enor¬ 
mous excess of litharge, for it is noteworthy that cuprous oxide is reduced 
by excess of lead (Berthier). This oxidising power of CuoO comes into play 
to a considerable extent in ordinary cupellation, for when | per cent, of copper 
is present the operation is much accelerated, and the loss of silver reduced, 
as is noted by Kerb* Bismuth has less affinity for oxygen than lead, and 
remains, therefore, with the silver until almost the close of the operation, 
finally oxidising and colouring both hearth and litharge green; advantage 
is taken of this fact at Freiberg as a means of extracting and utilising traces 
of that metal. Gold, of course, accompanies the silver as it does throughout 
the treatment of lead ores, and, being less oxidisable, is even more perfectly 
concentrated. 

A portion of the silver is oxidised and enters the litharge in that con¬ 
dition, but during the early part of the cupellation it is mostly reduced again 
by the excess of metallic lead; the first formed litharge is, therefore, much 
poorer than that produced towards the end of the operation. The latter 
probably contains silver, both as oxide and metal, according to the experi¬ 
ments of Wait,t who found 20 per cent, of the silver contents of a very rich 
bismuth litharge to be soluble in dilute acetic acid. • The portion insoluble- 

* Quoted by Hof man, Metallurgy of Lead, 1906, p. 506. 

t Trans. vol. xv., p. 46S. 
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in acetic acid contained 2*7 per cent, lead as well as tlie remainder of the 
silver (2*35 per cent.), so that it is probable that the bulk of the silver in 
litharge exists in the condition of infinitesimal particles of a rich alloy 
mechanically suspended in the molten litharge. Yet another portion of the 
silver is volatilised together with the lead, and must be condensed in 
appropriate fume chambers. 

Leaving out of consideration here the primitive cupellation hearths 
sometimes conveniently adopted in inaccessible districts,* the cupellation 
process may be studied under the heads of the two prevailing types of 
furnace—namely, the German and the English. In the former the hearth 
is fixed and the roof movable; in the latter the conditions are reversed. 
In the German furnace the whole charge is added at once and oppor¬ 
tunity is afiorded for the successive and separate removal of cupriEerous 
dross, antimonial shimmings, and poor and rich litharges; on the other 
hand, the final yield of silver is small in proportion to the size of the 
hearth. 

In the English furnace the charging is continuous throughout the whole 
of the concentration, but all the impurities are removed together in litharge, 
which has to be resmelted. The advantages, however, of much greater 
capacity for a given size of furnace and smaller cost of labour and repairs, 
have enabled the English furnace to almost entirely replace the German 
type everywhere outside of Germany itself. 

With both types of furnace it is advantageous to stop the process before 
its conclusion, and to complete it on a separate hearth; but this is very 
much more readily accomplished with the EngliBh than with the German 
type of furnace. 


GERMAN CUPELLING FURNACES, 

German cupelling furnaces are characterised by having a fixed hearth, 
the lower portion of which forms an integral portion of the furnace masonry, 
while the upper, or working, hearth is composed of natural marl, or a mixture 
of limestone or dolomite and clay (3 or 4 to 1), to which wood ashes are 
sometimes added (Puertollano, Spain), well tamped in against the side walls 
and formed into a shallow saucer-shaped cavity. The roof is a similar shallow 
saucer, but inverted and usually composed of fireclay tiles made to fit the 
curve, joined by iron cramps or rivets and bound together by a light wrought- 
iron framework; ordinary firebrick is, however, often used for the roofs 
of small-sized hearths. The iron framework is attached to chains, and can 
be raised and shifted by means of a crane or of a “ traveller.'* 

Two varieties of the German cupelling furnace may be mentioned— 
viz., the circular and the rectangular. As an example of the former (used 
also among other places at AUemau, Harz ; Hoboken, Belgium ; ancj. Schemnitz, 
Hungary), may be described the Tjiutenthal furnace; as examples of the 
latter, the new Freiberg furnace designed by Plattner, and that used at 
Frzibram.'\ 

* V. papers by Austin and Pfordto, Trans. A.I.M.E., voL xiL, p. 41 ; vol. xLii., p. 185 ; 
and vol. xxi. ; also Author, Trans. vol. xii., p. 421. 

t Figured and described by .Hofman, op. cU., 1906, p. 509. 
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1. The Lautenthal furnace is shown in Figs. 267 and 268 in which a is 
the lower hearth of red brick, upon which the working hearth of natural 
marl containing 66 per cent, of CaCOg is tamped. The marl is first crushed 
and sifted, and then moistened sufficiently to ball in the hand. It must 
not be too wet, or it will not be possible to beat it to the recjuired degree 
of firmness, nor too dry, or it will peel off on heating; if beaten too hard, 
it will crack on heating and not absorb enough litharge to prevent it from 
crushing ; if it is too soft, on the other hand, it will absorb too much litharge. 
The saucer-shaped and movable roof of fireclay tiles clamped together is 




mKf O S 70 iSft 

l.lil ■ . . ■ I I _ [ _1 

Figs. 267 and 268. —Lautenthal Furnace. 

shown at h, resting on an iron ring and hung on chains; at c is the grate, 
supplied by a gentle and easily regulated blast of air, so as to give complete 
combustion of the inferior slack used as fuel; it is separated from the hearth 
by the air-cooled firebridge. At ee are the tuyeres for oxidation of the 
lead; / is a working and charging door ; g the litharge notch through which 
the molten litharge runs continuously; Ji is the flue leading to the fume 
condensing chambers ; and a vault beneath the hearth to assist in keeping 
* From Schnabel, op. ciY., vol. i., p. 584. 
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it cool. The workmen at the doors / and g are protected from the lead fnmes 
by means of sheet-iron ventilating hoods, which receive their draught from 
the main flue. 

The charge in this furnace, with its 65 square feet of area, is 10 to 12 tons 
of rich lead; this is worked off in thirty-six hours direct to crude silver, 
which is subsequently refined in crucibles. 

2. The Freiberg furnace is oblong in shape, though the actual hearth 
is elliptical inside. The roof of this furnace is flat, instead of being dome- 
•shaped, and it is not swung on one side by a crane, but lifted by means of 
chain blocks, and shifted longitudinally by means of an overhead traveller. 
A further peculiarity in this furnace is that the litharge notch is situated 
at the opposite end to the firebridge, and immediately under the flue which 
carries away the products of combustion as well as the lead fumes. 

Mode of Working.—A new hearth must be very carefully warmed 
up to prevent cracking, after which the pigs of rich lead are charged in 
through the working doors (frequently upon a layer of straw to protect 
the bottom), the roof lowered into place and luted, the litharge door closed 
(leaving only the litharge channel or notch), the fire urged, and the blast 
let on gently. The lead melts down, and in doing so leaves a dross which 
rises to the surface of the bath and is skimmed off. Next, a lot of brown 
skimmings, containing arsenic and antimony, form and run of! through 
the litharge notch, and, finally, as oxidation proceeds, nothing but clear 
yellow litharge is formed. Tlie level of the litharge notch must be regulated 
by cutting away the rim of cooled litharge, as it forms, with an iron hook; 
but only sufficiently so as to leave a rim of molten litharge from 12 inches 
to 20 inches wide round the edge of tbe lead-bath; otherwise, there is a 
great loss of lead and silver by volatilisation. Litharge, melting at 954° C., 
requires a temperature of nearly 1,000° to be kept up in the furnace, and 
at this temperature the lead volatilises very fast, if too much uncovered. 

The blast pressure is usually about 8 ozs. per square inch, and the volume 
required varies from 200 to 300 cubic feet per minute, more being required 
the larger the furnace, and more always toward the end of the cupellation 
than at the beginning. 

The litharge issuing from the furnace collects either in thin sheets on 
a cast-iron plate, when it remains yellow on cooling; or it is collected in 
moulds, forming large masses which, when slowly cooled, acquire a red colour. 
Only the litharge produced about the middle of the process (about one-third 
of the whole), is sufficiently pure to be sold as such, the first third being 
too impure and the last too rich in silver. At the end of the operation thin 
films of litharge, driven by the blast over the surface of the silver, give rise 
to a play of iridescent colours ; and, finally, the phenomenon of “ brightening 
takes place, as with silver assay beads. 

After the brightening, two pieces of flat bar iron are stuck into the cake 
to serve as handles, and the hearth is cooled by water from a hose. The 
cake is then removed, and the hearth, after cooling, is broken up with a pick, 
screened, and re-tamped, only those portions which are saturated with 
litharge going to the blast furnace. The silver cake, still containing from 
2 to 10 per cent, of lead and other impurities, may be refined on another 
small cupelling hearth, or in crucibles, as subsequently described. 

* For figure, v, Schnabel, op. c^l, vol. i., p. 588. 
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The time required, consumption of fuel, losses of lead and silver, 
are for several leading German works given in the following table:— 

TABLE LIL— German Cupellation.* 




Freiberg. 

Clausthal. 

Przibram. 

Miisen. 

Capacity of hearth at once, 

tons, 


10 

25 

25i 

Total quantity worked off, . 

it 

50 

10 

25 

■25i 

Value in silver, . . . ozs. 

per ton, 

650 

110 

170 

Number of tuyeres to furnace, 


2 

2 

3 

1 , 

Time taken for process— 

Preparing hearth and charging, 

hours. 


2 

18 

3 

Melting down, . 

,, 


2 

16 

24-27 

Removing drosses. 

?? 



6 

9 

„ skimmings. 

5 > 


4 

9 

144 

Running market litharge, . 

„ 



23 

117 

„ rich htharge. 

it 


28 

18 


Total time required, . 


178 

36 

80 

300 

Bond of fuel employed, . 


lignite 

coal 

coal 

wood 

Fuel consumption, . . . per cent.. 

27 

21 

19-6 

50 

Weight of crude silver obtained, . 

. lbs., 


374 


154 

Percentage weight of dross and skimmings, 


5 


28 

„ „ foul htharge. 


76 

86 


52 

„ „ market „ 


m 


36 

30 

Assay of market litharge, . ozs 

, dwts., 


pi2 

1-6 

1-12 

Percentage loss of silver, 




0-83 


it it lead, . 




4-33 



Variations in the Method.—The above is the ordinary method of 
cupellation in the German hearth, but sometimes the rich lead is only cupelled 
down to from 50 to 80 per cent, silver in the large cupelling furnace, and is. 
then tapped into moulds, the cupellation being finished on a smaller hearth, 
where also the silver is refined. In this case it is usual to add more lead in. 
the large furnace as the first charge oxidises away, somewhat as in the English 
furnace, the total quantity treated at once thus frequently amounting to^ 
twice or thrice the weight charged at the beginning. 

This practice is adopted at Freiberg, where, as already mentioned, the 
rich lead concentrated by the Pattinson process contains a notable percentage 
of bismuth. The rich lead, in quantities of 50 to 60 tons at a time, is con¬ 
centrated up to 80 per cent, silver in the large furnace already described 
(which takes seven and a-half days), and then the concentrated alloy is- 
cupelled in a smaller hearth to silver, which, after refining on the same 
hearth, is 998 fine ; a bismuth litharge with 4 to 8 per cent. Bi is here formed, 
also a green bismuth hearth under the cake of silver, which contains 6 per¬ 
cent. Bi; these are treated for the manufacture of bismuth salts by solution 
in hydrochloric acid and precipitation of bismuth oxychloride by dilution 
with water. 

The same system of concentration is in use at Schemnitz,f where 20 to* 
30 tons are charged gradually into a hearth holding only 8 tons. 


* This iraformation is mostly condensed from Schnabel, op. cit., pp. 595-598. 
t Schnabel, op. cit, p. 598. 
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Absorption .—The German cupelling furnace is mucli more frequently 
employed than the English for the operation of “ absorption (eintrdnken) 
in which rich argentiferous ores or residues are fed gradually into the bath 
of molten lead, which absorbs the greater part of their silver contents, while 
the other metals become oxidised, and, together with the siliceous earthy 
constituents, are more or less completely fluxed and carried away by the 
litharge or raked ofl the surface of the bath. This practice is common at 
Altenau and St Andreasberg (Harz), where silver ores containing upwards 
-of 2,000 ozs. of silver per ton are habitually treated by this process, as much 
as 5 per cent, of the weight of the lead being added. It is also in use at 
Hoiolcen (Antwerp), and Lautentlial, where retort dross, oxidised zinc crusts 
and other residues are fed in the proportion of even 60 to 100 per cent, of 
the rich lead operated upon with satisfactory results, though the duration 
-of the process is somewhat lengthened. The scorification of the retort 
drosses on cupelling hearths has been already referred to on p. 428. 

The use of a lead-bath on a cupellation hearth for extracting the silver 
from sulphide precipitates obtained by lixiviation is described in the volume 
■on the Metallurgy of Silver. 

Hefining.—The crude silver obtained in the German furnace has always 
to be refined on a separate hearth, owing to the traces of lead, copper, nickel, 
bismuth, &c., which it obstinately retains. The refining may be conducted 
on the hearth of a small cupelling furnace as at Freiberg and Przibram, or 
in crucibles, as at Lautenthal, FranJcfort-a^n-Main, and Hoboken. The former 
method calls for no description here, as the manipulations are identical with 
those in the English method shortly to be described. 

Use of Silver Sulphate.—Rossler found * that silver sulphate added 
to molten crude silver rapidly oxidised first the lead and then the bismuth, 
having, however, little or no effect upon the copper. The crude silver at 
Lautenthal and Hoboken contains bismuth, but very little copper, so that 
this method is well suited to its refining. The crucibles employed are of 
plumbago, hold about 700 lbs. of the crude silver (950 to 980 fine), and are 
heated in a wind furnace supplied with air by two blast pipes just above 
the grate bars. In order to protect the crucible from corrosion by the slag, 
a section of wrought-iron pipe, 2 or 3 inches smaller in diameter than the 
crucible, and 7 inches long, is coated on both sides with clay, heated, and 
then placed on the molten bath, into which it sinks several inches. Into 
the centre is placed 8 or 10 lbs. of silver sulphate in lumps of egg size (pre¬ 
pared by dissolving silver in sulphuric acid, evaporating to dryness, fusing, 
and casting in moulds), and previously warmed. The silver at once begins 
to boil and the sulphate melts, forming a layer on the top, which has to be 
stirred in with an iron rod until there is no further action. The slag is then 
stiffened with sand or pulverised quartz and removed with a skimmer, when 
another addition of sulphate is made. The total quantity required is found 
in practice to be twice the weight of base metal removed; thus 700 lbs. 
of silver (970 fine and containing 21 lbs. of base metal) require about 40 lbs. 
of silver sulphate, which is added 8 to 10 lbs. at a time. The test for fineness 
is to dissolve a portion in nitric acid and add excess of ammonia, when any 
turbidity (bismuth) shows that a further addition of sulphate is required. 
Part of the silver remains in the slag, which contains SiOo 40*7 per cent., 
* Berg* u. Hi’dtenm, Zeitungf 1889, p. 387. 
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PbO 33*5 per cent., BL 2 O 3 6*01 per cent., Ag^O 2*05 per cent., P 2 O 5 0*64 per 
cent., SOo 0*61 per cent., S 0*15 per cent., AioO^ 0*43 per cent., Cu 0*45 per 
cent., Sb 0*02 per cent., CaO 1*73 per cent., MgO 0*25 per cent., KoO 0*64 per 
cent., ]Sra 20 0*26 per cent.; the bulk of it, however, remains with the metal, 
having replaced the impurities. 

The great advantage of this method of refining lies in the fact that the 
bismuth is wholly concentrated in the last slags, the first being practically 
free from that metal, and the small quantity of rich slag thus produced is 
easier to work up for bismuth than the litharge and cupel bottoms obtained 
in reverberatory refining. The loss of silver is also said to be smaller than 
in refining on the cupel, presumably on account of the smaller surface exposed, 
and of the fact that it is covered with slag during the operation. The cost, 
both for labour and material, is, on the other hand, much greater. 



ENGLISH CUPELLING FURNACES, 

These are characterised by their comparatively small size, by the possession, 
of fixed roofs and movable hearths, and by the fact that the rich lead is 
always charged continuously, so that the final cake of silver produced is very 
large in proportion to the size of the furnace. 

The roof must be as low and as fiat as possible, and the grate area large, 
since a very high temperature is required to keep such a large mass of silver 
in a molten condition towards the end of the process, and more particularly 
for refining when this is done in the same ‘‘ test,'' as was formerly the in¬ 
variable practice. The more modern practice, however, is to concentrate up 
to 60 or 70 per cent, silver in one furnace, and then finish the cupellation 
and refine in another. The temperature required for refining is so high that 
frequently forced draught is employed, but for concentrating natural draught 
is sujQficient, provided the pitch of the roof is flat enough. The hearth (called 
a “ test") may be either oval or rectangular, but the latter form is peculiar 
to American works. 
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Fig. 269 is a front elevation of an English cupelling furnace of common 
type, Figs. 270 and 271,* being sections of an American furnace of somewhat 
similar construction but with square hearths. In the latter a is the fireplace, 
h the flue, c the vault between the firebridge, cZ, and the flue-wall, e, into 
which the test carriage runs : / is the iron compass ring, h the ashpit, i and 
j are cast-iron plates to support the bridge and flue-walls respectively, and 
I is the litharge door. Some furnaces have three doors at the back, but in 
that here figured the lead is fed, one pig at a time, through the same door 
in which the tuyere is inserted. The whole upper part of the furnace, as 
well as the front and flue are enclosed in cast-iron plates (Fig. 269), and 
well bound with buckstays and tie-rods (not shown). The flue exit is divided 
into five small flues gradually increasing in size towards the front, so as to 
spread the heat in that direction, where the cooling effect is greatest. In 


Section C.D. 



Figs. 270 and 271.—American Cupelling Furnace (Sections). 

this furnace the compass-ring is square with rounded corners (Fig. 271), the 
hearth having, of course, the same form and fitting tightly inside it with the 
help of a clay lute. It is open in front for 16 inches, in the centre of 
which space comes the litharge notch 4 inches wide. 

Figs. 272 to 276 show details of a water-jacketed cupelling furnace 
described by Weinberg,* and Figs. 286 to 292 give details of the iron plates 
enclosing the same furnace. The test ring and water-jacket of this furnace 
will be described later. 

Test Rings and Supports.—The common style of test ring is a 
simple oval with a skeleton bottom of flat bars, all made of cast iron in one 
piece, and into which the hearth material is rammed. The pattern shown 
in Figs. 277 and 278 is an improvement on this for concentration work, since 
besides the lip or spout in front for pouring (in connection with the Lynch 
test support described below), the ordinary upright rim, h, is cast with a 

* Hof man, Metallurgy of Lead,, 1906, p. 519. 
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■S-incli flange, a, whicli, with its clay lute, fits against the bottom of the 
compass ring and so makes a closer joint, besides raising the level of the lead- 
bath higher than it would otherwise be, which is an advantage as regards 
oxidation. In both of these tests the hearth material is tamped to the 
required shape by the eye only. 

In the oldest style of furnace the simple test ring was supported merely 
on transverse bars inserted across the vault, and levelled up by means of 
wedges. This primitive arrangement, however, gave place many 3 ^ears ago 
to tbe test carriage, with four adjustable jack-screws, shown in position in 
Fig. 269, and a somewhat different pattern of which is again shown in Figs. 
280 and 281. 

This form of test carriage has come into general use, and is extremely 
convenient, except where pouring from the test is practised, for which it 
possesses the disadvantage that the position of the test cannot be readily 
altered during cupellation, as the jack-screws when hot become very hard 
to turn. 


Fig. 282. Fig. 283. 



FigH. 282 and 283.—-Rectangular Brick Test with Tilting Carriage. 


The furnace shown in Figs. 270 and 271 with rectangular compass ring 
has, of course, a rectangular test, one form of which, with tilting carriage, is 
shown in Figs. 282 and 283. 

This test ring, unlike the otliers, has a solid cast-iron bottom, a, upon 
which is a layer of firebrick closely laid. The cast-iron pattern, h, shown 
in the figures in place, is then oiled and inserted, and the hearth mixture 
(cement in this case) rammed tightly into the intervening space; after which 
the pattern is withdrawn and the hearth dried as usual. At c is the aperture 
for the litharge notch, which consists of a slot in the front of the casting 
3 inches wide, which is filled up to the required height with the mixture 
leaving, however, a gutter about IJ inches wide by | inch deep. The 
advantage of a rectangular test is that, for any given width of furnace, it 
affords the maximum of surface, and, therefore, the maximum of oxidising 
effect; oval tests, ho'wever, generally stand better. 

The test carriage shown with this brick-bottomed test is peculiar in 
being provided with a simple hand-wheel arrangement at one side of the 
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front for lowering tlie front of the test ring as the cupellation proceeds, so 
as to regulate the flow of litharge without cutting down the litharge notch, 
and also to permit of pouring the contents of the test if required. 

Water-jacketed Tests. — With all the above test rings the litharge 
soon eats away the material forming the test, and, therefore, many 
devices have been adopted for cooling by means of water pipes coiled round 
the test ring, &c., combined often with a separate water breast, so as to- 
diminish the corrosion. One of these devices in common use in America 
is the completely water-jacketed test of Steitz, shown in Figs. 284 and 285. 
The wmter jacket, a, of boiler iron is rectangular and complete, except in 
front, where a smaller cast-iron jacket, 6, bearing the litharge notch, c, is 
bolted on. The only wear of the jacket is in this notch, and when it is worn 
through, the small breast jacket is taken out and replaced by a new one. 
This form of test ring for concentrating rich lead up to 60 or 70 per cent. 

silver has the advantages of trebling the life 
of the hearth material, while saving trouble 
with the litharge notch, which remains at a 
constant level and suffers no corrosion. This 
constant level of the notch, however, coupled 
with the enormous cooling effect, renders it 
impossible to bring up the enriched alloy to fine 
silver on such a test; consequently, the Steitz 
test is used for concentrating alone. 

Not only, however, is the cooling effect with 
these completely water-jacketed tests so great 
that more fuel has to be employed to avoid 
retardation of the process, but the tests them¬ 
selves are greatly racked by the varying 
degrees of intense heat to which they are 
subjected, and soon begin to leak at the seams. 
For these reasons metallurgists outside of the 
United States generally prefer the plain oval- 
flanged cast-iron test ring, with a 1-inch pipe 
all round, fitting tightly against the ring, 
and imbedded in the material of the test. 
At the front is a small cast-iron tapping breast carrying the litharge notch 
or lip. The breast is easily replaceable when it begins to leak, though it 
usually lasts out from five to six tests. Before using one of these breasts 
over again it is tested for leaks by hydraulic pressure in order to minimise 
the danger of springing a leak while the cupel is running. 

For concentrating retort bullion Weinberg describes * a water-jacketed 
test which fits the furnace already referred to in Figs. 272 to 276, and 286- 
to 292, and is showm in Figs. 293 to 298. The test ring is itself made in 
two parts—viz., a fiat base (Fig. 294), and the ring of bars which rests upon, 
it (Fig. 293). Upon this ring stands an oval water jacket, 7 feet 6 inches 
in longest diameter by 5 feet 5 inches at the widest part, 9 inches high, and 
having a 3-inch water space, shown in Figs. 295 to 298. 

Steel plate was found to be rapidly corroded if it came accidentally in 
contact with the litharge, even when water-cooled, and as an improvement 
* Trans. Axist. 1901, vol. i., p. 167. 



jacketed Test. 
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tlie construction shown in Fig. 298 was adopted, having a f-inch copper 
plate on the inside and a |-inch steel plate on the outside, rivetted on the 
top with copper rivets. A single jacket of this pattern lasted during no less 
than five years' constant concentration. The litharge breast, which fits 
between the ends of the water jacket is, of high-grade cast brass with water 
inlet and outlet of J-inch pipe; details of its construction are shown in 
Figs. 299, 300, and 301. 



Front Elevation. Side Elevation Plan 


Figs. 299 to 301.—Details of Breast Water-jacketed Cupelling Furnace. 


The lining of the water-jacketed test above described is 4 inches in thickness 
inside^the jacket, and it holds, when new, 4,265 lbs., and, when worn, 4,700 lbs. 
of retort bullion. Its life is no less than three months when cupelling (con¬ 
centrating), and two months when working up retort drosses. Upon these 
figures this pattern of water-jacketed test would appear to be the best 
appliance available for concentration, yet many large plants {e.g., Port Pixie) 

adhere to the simple ring of 1-inch pipe 
all round a plain test ring. It should 
be remembered that the fuel con¬ 
sumption is always considerably 
greater when complete water jacket 
are in use. 

Pouring direct from the Cupel. 
—When the system of concentrating 
and finishing on a separate hearth is 
adopted it is convenient to be able to 
tilt the test so as to pour the molten 
alloy into moulds. This can be done 
with the hand-wheel carriage shown in 
Fig. 283 ; but the Lynch test support, 
shown in Fig. 302,* is also convenient. 
It consists of two bars on the lower 
Fig. 302.—Lynch Test Support. side of the test ring, by means of which 

the front end of the test is supported 
upon two tuxnbuckles, a, which in turn, by means of an iron triangle, hang 
from a difierential chainblock, h. The back of the test rests upon jack- 
screws, c, working in a fixed bar. With the block the front of the test can 
be easily raised or lowered during cupellation as required, and, with the 
tuxnbuckles, either side can be raised or lowered so as to regulate the corrosion 
of the hearth. 

* Blake, Trans. A.1,M,E., vol. x., p. 220. 
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The support is never required for water-jacketed tests with a constant 
discharge level, which are, therefore, commonly mounted on one or other 
of the forms of carriage already figured; whereas the Lynch support is. 
sometimes seen in America on finishing tests which are not water-jacketed, 
and when it is thought more convenient to pour the silver than to ladle it. 
The total quantity to he handled, however, on the finishing test is so small 
that, even in the United States, it is more common to use the fixed jack- 
screw test carriage and ladle out the fused silver into moulds, instead of 
attempting to pour it. 

Hearth Material.—^Formerly the only material used for the tests of 
English cupelling furnaces was hone-ash, which is still to some extent used 
in England itself for that purpose. Elsewhere, however, bone-ash has been 
practically superseded by mixtures of siliceous Ihnestone and clay (in pro¬ 
portions of from 2 to 5 per cent, of the former to 1 of the latter), ground to 
pass a 12-mesh; Portland cement, which has given excellent results at 
many American works; a mixture of cement and ground firebrich has also 
given good results. 

The following table gives a list of various mixtures which have been 
found to give good results. The first three are by Blakemore,* who states 
that they all work about equally well,"^ the next four are by Piddington,t 
as having been found to give satisfactory results for melting down cyanide 
precipitates on a lead-bath, and the last is recommended by Graham J for 
similar work. 



It will be noticed that Nos. 2 and 3 (Blakemore) are the same as 5 and 6 
(Piddington). 

Bone-ash tests should not be beaten down too hard, as that would make 
the test crack on firing. The limestone-clay type of test, however, must be 
tamped as hard as possible, and dried and warmed very gradually and 
thoroughly. In using cement it is essential to do the tamping as rapidly 
as possible before it commences to set. Whatever the material, it is essential 
that the whole quantity required should be put in almost at once and tamped 
continuously during the filling, for if the mixture be put in and consolidated 
in separate layers these are almost certain to peel. 

The bottom of the test shown in Figs. 282 and 283 is made of firebrick, 
and the most durable tests of all are made of magnesia brick, which is exclu- 

* Trans. Aust. Inst. M.E., 1898, vol. v-, p. 221. 

t Journ. Chem. Met. and Min. Soc. of S. Africa, 1903, vol. iv., pp. 232, 389. 

J Idem, 1905, vol. v., p. 315, 
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■sively employed at Perth Amboy, as well as at some otlier places. Most 
works, however, consider tests of this material to be too expensive for general 
use. A brick hearth is almost a necessity for bringing np argentiferous 
matte to bottoms (see the volume on the Metallurgy of Silver). 

Whatever its material, the hearth should be dried out for at least a month 
before commencing to warm up. A plain (not water-cooled) cement test 
used right through for concentrating as well as finishing may last seven days, 
while one used four or five hours daily for finishing only will last for months, 
and even a limestone-clay test, under these circumstances, lasts a month; 
a completely water-jacketed concentrating test of limestone-clay will last 
two months. 

According to Weinberg,* tests made of 5 parts cement and 1 part sand 
tamped rapidly over a w^ooden mould in a water-jacketed test of his design 
last three months when used for concentration. 

At Port Pirie,’\ all the tests are alike, except that those used for finishing 
have no water-cooled lip or litharge breast. The tests measure 5 feet by 4 feet 
by 12 inches deep, the thickness at the top being 9 inches at the litharge end 
and 4 inches at the far end. The mixture employed is marble 300 lbs., 
ordinary limestone 120 lbs., white fireclay 60 lbs., and cement 120 lbs., or, 
limestone 70 per cent., cement 20 per cent., and fireclay 10 per cent. Instead 
•of being put into the test lying bottom upwards upon a mould, the present 
practice is, after thoroughly mixing the ingredients dry, to bring the mixture 
to the consistency of very soft putty. The mixture is then, as rapidly as 
possible, filled into the test which lies face upwards, an oiled wooden mould 
the size of the cavity is then placed in position and pressed down by means 
of heavy weights, the space between the mould and the testing being prodded 
meanwhile with the fingers to get out air bubbles. When set the mould 
is removed, the top covered with wet bags, and the test is put aside in a 
warm, dry place to “ season"" for four to six months. The average life of 
tests prepared in this way is, for concentrating up to 60 per cent, concen¬ 
trated bullion, three weeks, at an average of 30 bars per shift, or, say, a 
total of 72 tons lead passing through the test, at the end of which its capacity 
has become enlarged from 1 to 2 tons. On the finishing side of the cupel- 
lation house each test lasts, on an average, ten days, going constantly day 
and night, or while an average of 400,000 ozs. of silver is cupelled upon it. 

Blast.—^The tuyere (not shown in the Tigs.) is generally a 3-inch sheet- 
iron pipe, which is either flattened at the end so as to deliver a sheet of air 
4 inches wide by 4 inch thick, or else fits into a cast-iron nozzle of that size, 
which is preferable. The blast for cupellation was formerly always produced 
by means of a steam-jet injector, and this method, which allows of very 
•exact regulation, is still in use at many places, notably at the great Perth 
Amboy plant. It is, however, more common nowadays to employ a fan or 
a Boots" blower. The blast pressures employed vary between 4 and 8 ozs. 
per square inch. At Port Pirie, with a flat nozzle of 4 inches by 4 inch, a 
pressure of 10 or 12 ozs. per square inch is available, but the blast is generally 
partly shut ofi, so that the actual pressure employed is from 5 to 6 ozs. 

Mode of Working.—^After gradually heating up the test to a red 
heat, lead is charged through the front and back openings, and, when melted 

* Loc. cit. 

t Private notes, 1896, and Bayly, Trans. Aust. vol. xii., 1907, p. 80. 
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down so 3,s to fill tlie cavity, the blast is turaed on and. cupellation started. 
The litharge runs ofi at the litharge notch, and the rate of running off is 
regulated, partly by the rate at which pigs of lead are fed forward at the 
tuyere door, partly (in tests unprovided with water breasts) by the depth 
•ofthe litharge notch. In any case, it is usual to keep about half the lead 
covered with litharge to reduce the loss by volatilisation. 

The level of the lead is usually kept'just below that of the notch, and 
litharge then overflows in waves caused by the play of the blast. 

When the test has become filled with rich alloy (sometimes called bullion 
concentrates "O, the blast is stopped, the contents of the test removed into 
moulds by ladling or pouring, and a new concentration begun, the furnace 
working continuously as long as the test lasts. 

The operation of “ finishing is conducted similarly, but at a higher 
temperature, in an uncooled test, until sufficient crude silver is obtained, 
when the addition of pigs of concentrated alloy is stopped, and the last 
litharge removed. The phenomenon of “ brightening '' is seldom or never 
seen on the English hearth. 

Refining of the crude molten silver is sometimes conducted in a separate 
hearth, but generally in the finishing hearth itself, and by the blast alone. 
A little bone-ash, however, is sprinkled on to absorb base metal oxides, and, 
generally, also a few shovelfuls of soda nitre, one at a time ; the slag so 
produced is usually not removed until just before casting. A ring of powdered 
brick is often made upon the surface of the silver near its edge, in order to 
retain within it the molten slag and nitre, and prevent them from corroding 
the test. Refining is concluded when the metal has a clean, smooth, brilliant 
surface like a mirror, which does not become tarnished on stirring, and when 
a small sample bar shows a finely granular silky fracture and great malle¬ 
ability. It is usual, however, to make careful assays before casting, in order 
to be sure that the bars will be above the standard for fine silver (viz., 997+)- 

When the bars are to be cast for market direct from the cupel without 
remelting, some large sticks of charcoal should be allowed to float upon the 
surface of the silver for ten minutes before ladling or pouring is commenced, 
in order to absorb some of the dissolved oxygen. Casting is occasionally 
done with the help of the Lynch test support already described, the silver 
being poured direct into the moulds, but more usually the metal is ladled 
out into the warmed moulds, which are oiled or filled with straw in order to 
prevent “ spouting.^" The sample is best taken from each mould as poured, 
and just before “ setting,'" by means of a long iron spoon, the contents of 
which are poured upon an inclined board resting upon the edge of a bowl 
of water, in which the resulting fine granulations are collected. The usual 
size of mould for commercial fine silver is one which holds a trifle over 
1,000 ozs. 

Examples of English Cupellation.—At Eureka (Nev.)* bone-ash 
tests, holding 1 ton each, were filled with rich lead, containing 550 ozs. of 
silver, which was melted down and fresh lead added as fast as it oxidised. 
Once in each twenty-four hours the rich alloy was tapped, yielding six to 
eight bars of 60 to 70 per cent, silver. In the ‘‘ finishing operation sixty 
such bars were cupelled in sixteen hours, giving 16,000 ozs. of dore silver, 
965 fine in silver, and 30 in gold. From the concentration some litharge 
* Curtis, Mon. XJ.8. Qeol. Survey, voL vii., 1884. 
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was obtained, running only 1 oz. of Ag per ton, which, was reduced to market 
lead in a reverberatory with charcoal. The litharge from the finishing test 
all averaged 75 ozs. per ton, and went back to the ore furnace. 

At Perth Amhoy there are seven water-jacketed concentrating hearths, 
each of which works up from 4|- to 5 tons of retort-lead per twenty-four 
hours, using a steam-jet injector blast and burning 3 tons of coal per day 
each. 

At Port Pirie * there are six concentrating and two finishing hearths, 
all being alike in general form and dimensions, but only the former are 
furnished with a 1-inch water pipe round the test for cooling purposes and 
with a water-cooled litharge breast. In the former the bars of silver retort- 
bullion containing on an average 3,000 ozs. of Ag per ton are melted down 
with a 6-oz. blast at the rate of thirty bars (say 22 cwts.) per eight-hour shift, 
or 66 cwts. per twenty-four hours, producing 18 cwts. litharge per shift, 
the capacity of the hearth being from 1 to 2 tons, according to the amount 
of corrosion it has undergone. Concentration is stopped when the lead 
reaches 15,000 to 16,000 ozs. to the ton, and the contents of the test are then 
ladled out into moulds. The litharge from the concentration averages 
only 30 ozs. per ton, and is smelted in the refinery blast furnace together 
with other refinery bye-products as an addition to the ore charge. 

About I ton of the bars of concentrated bullion is melted down in the 
finishing hearth, and cupellation is begun, more being added at the back, 
as usual, to supply the place of that oxidised. The rate of cupellation on 
these finishing tests is about 14,000 ozs. of silver per eight-hour shift, and the 
quantity of silver produced from one filling is about 23,000 ozs., which is 
ladled out by hand into moulds, sprouting and effervescing violently as it 
solidifies. The average fineness of the finished silver is about 997J, the 
chief impurity present being copper, which obstinately remains after all 
the lead has been removed. The litharge produced on the finishing hearth 
contains about 200 ozs. of Ag per ton, and goes to the softening furnaces 
to assist in the oxidation of antimony, as explained in Chapter xiv. 

The silver is “ dried/’ or refined, upon a perfectly new finishing test by 
exposure for six hours to the action of the blast, which oxidises the last 
traces of base metals. No fluxes are employed, but a little lime or hearth 
mixture is sprinkled on to the bath towards the end of the operation in order 
to collect the floating oxides in a stifl slag, which is then removed by touching 
with an iron rod, to which it adheres. After careful skimming the silver 
is cast into bars, which assay from 998*5 to 999*2 fine, the moulds employed 
being of 700 ozs. capacity and hexagonal shape, in order to avoid confusion 
with the shipping bars of remelted silver. 

The “ driedsilver being too fine for the Eastern market, for many 
years past the ingots have been remelted in large plumbago crucibles holding 
2,200 ozs. in a wind furnace with the addition of a sufficient proportion of 
copper to reduce the fineness to 996 exactly. The melting is done withiout 
fluxes, and any small quantity of slag formed is removed by touching it with 
a cold iron rod immediately before pouring. The moulds are perfectly clean; 
warmed, and black-leaded, but no oil or other substance is found necessary 
to give a clean surface or prevent sprouting. Just before pouring, a single 
large stick of charcoal is laid across the surface of the metal in the crucible,. 

* Private Notes. 
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and tMs is found to absolutely prevent all sprouting during cooling, pro¬ 
vided the metal is poured at the right temperature—t.e., not too hot. Some¬ 
times a little slag is found on the top of the bar, but this is so small in amount 
that one man can clean, chip, weigh, and stamp sixty bars in a day of eight 
hours. The bars average about 1,020 ozs. each. 

The gold concentrate bullion obtained from the dross and retort bullion 
from the gold crusts at Port Pirie in the manner described in the previous 
chapter, and containing about 550 ozs. of gold and 17,000 ozs. of silver per 
ton, is treated similarly to the silver concentrate bullion on a finishing cupel 
in J-ton charges, yielding dore bullion,'" which carries about 30 to 35 ozs. 
of gold per 1,000 ozs. of silver, and a litharge with 40 to 50 ozs. of silver 
and about OT oz. gold per ton. The parting of this dore bullion is described 
in the volume on the Metallurgy of Silver. 

Losses by Volatilisation. — There are very few figures obtainable 
on this point. The average loss of lead, however, on the whole refining 
process is supposed to vary between 3 and 8 per cent., by far the largest 
part of which is in the cupellation; similarly, the true loss of silver varies 
between J and ll per cent., mostly in the final stages. Even of these amounts, 
however, a portion is always recovered from the fume chambers. At 
Kongshcrg,^ the loss of lead is said to have averaged formerly per cent, 
of all the lead melted on the cupel. At Przihram,'\ the cupellation losses 
average 0*83 per cent, of the silver, and 4*33 per cent, of the lead actually 
cupelled. An average figure might perhaps be 5 per cent. 

Practically the whole of the volatilised silver carried away in the fumes 
can be collected by filtering them through bags or by the use of exhaust 
fans. At Brimsdown, where eight cupelling furnaces are at work producing 
a high grade litharge for the manufacture of white lead {q.v., Chap, i.), the 
exit flue from each furnace is connected with a high-speed fan provided 
with jets of water entering the casing; these serve the double object of cooling 
the flue gases from their initial temperature of 250° to 300° C. down to 40° 
or 50°, and of condensing and collecting the fume, which, washed out of the 
fan casing by the stream of water, is recovered in settling tanks. The fumes 
from cupel furnaces usually contain from 30 to 40 per cent, lead; their 
value in silver varies according to the grade of the material treated, but 
may range from 60 up to 135 ozs. per ton. 

In spite, however, of the volatilisation-loss of silver, owing to the use 
of the ordinary uncorrected low temperature cupellation—or combined 
scorification and cupellation—assay for the work-lead or base bullion treated, 
the working loss of silver is usually well within the assay loss, and, con¬ 
sequently, most refineries are able to show an apparent excess of production, 
or flus clean-up, which may reach as much as | per cent, on the total silver 
turned out. 

Comparison between the German and English Methods.— The 

advantages of the German system of cupellation in connection with compara¬ 
tively low grade rich leads, such as those from the Pattinson process, are :— 

1. Smaller consumption of fuel. 

2. Possibility of producing a considerable proportion of pure market litharge free 
from impurities and low in silver, which sometimes sells better than lead itself. 


* Percy, Metallurgy of Silver and Goldy vol. i., p. 512. 
f Schnabel, Handbuch der MetallhtittenJcunde, vol. i., p. 597. 
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The Engiisli system is specially suited to the treatment of the rich lead 
obtained by the Parkes process, but it possesses the following general 
advantages:— 

1. Smaller first cost of plant for a given output of silver. 

2. Saving of 50 per cent, or more of the labour cost. 

3. Saving of three-fourths the cost of hearths and hearth material. 

4. Smaller quantity of hearth material to be re-smelted. 

Except in Germany itself, the German type of furnace has been almost 
entirely superseded by the English furnace with its modern improvements. 

Analysis of Cupellation Products.—Table LIII. shows the com¬ 
position of products of cupellation, chiefly at Przibram. 

Treatment of Bye-products. — The bye-products of cupellation 
(leaving out of consideration special products containing bismuth, the treat¬ 
ment of which has been already referred to) are flue-dust, cupel bottoms, 
and litharge. The two former always go back to the ore blast furnace. 

From the German hearths, treating lead of only moderate richness, part 
of the litharge is always pure and suflS.ciently low in silver to be sold as such, 
the remainder is smelted to lead, either alone or in the ore furnace. The 
litharge from the English furnace treating enriched lead is never poor enough 
in silver for market, and must be smelted, either with dry silver ores or alone, 
though usually a portion of it can be advantageously added to impure leads 
in the softening furnace, as already seen, in order to help oxidise out the 
antimony. 

The litharge produced in concentration is, of course, always poorer than 
that produced in finishing ; no general rule can be quoted, but litharge from 
concentration cupels may carry from 10 up to 60 or 80 ozs. silver, whilst 
that from finishing cupels may run up to several hundred ounces to the ton, 
as may also the litharge from cupels upon which drosses are scorified as 
sweated. 

At Schemnitz (Hungary), Sala (Sweden), and perhaps some other places, 
the stream of molten litharge from the furnace runs direct into small iron 
cylinders filled with glowing charcoal standing on a grate over an iron pot. 
The litharge is completely reduced to metal by the glowing charcoal, the 
consumption of which does not exceed 10 per cent, by weight of the lead 
produced.* Any fume given ofi is drawn into the main flues by means of 
a hood. 

The flue-dust has been already referred to as containing usually from 
30 to 40 per cent, lead, and from 60 to 135 ozs. of silver per ton. The cupel 
bottoms may contain about the same amount of lead, in each case, say, about 
30 to 50 per cent., but are much richer in silver, carrying, in the case of ordinary 
retort lead, from 500 to 700 ozs. of silver per ton. 

Parting.—The separation of gold from dor6 bullion will be fully dealt 
with in the volume on the Metallurgy of Silver, 2nd ed. 

* Theory requires less than 6 per cent. 
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polarisation from formation of lead peroxide on tlie anode, as happens when 
acetate and nitrate solutions are employed. 

The Betts Process.*—This is employed at the Canadian Smelting 
Works, Trail, B.C., at the De Lamar Befinery, South Chicago, and at Locke 
Blackett's Befinery, Newcastle-on-Tyne. In the early experiments with 
this process, even with the use of the fluosilicate electrolyte, the deposit 
was crystalline in texture, and the cathode had to be removed from the tanks 
at intervals and put through rollers in order to pack down the lead and make 
it moderately coherent, but the addition of glue or gelatine enabled a smooth 
and coherent deposit to be obtained, even when the current density was much 
increased. The electrolyte ordinarily employed contains 5 to 8 per cent. 
Pb and 10 to 11 per cent, free H^SiP^*. Without gelatine a current density 
of 9*6 amperes per square foot gives a very irregular deposit, but with the 
addition of OT gramme gelatine per litre the deposit becomes smooth, lustrous, 
and so coherent as to permit of bending without breaking. 

The fluosilicate electrolyte is prepared as follows :—Commercial hydro¬ 
fluoric acid (35 per cent. HP) is diluted with water and passed through a 
series of shallow tanks. In the first is a layer of pulverised quartz 2 feet 
thick, through which the solution percolates slowly, forming fluosilicic acid. 
In the second tank white lead is added and dissolves with effervescence; all 
sulphuric acid and any hydrofluoric acid which may not have taken up 
silica here settle out as lead sulphate and fluoride respectively. In the next 
tank the solution is filtered, and thence runs by gravity into the electrolytic 
tanks. The strength of solution used formerly was 6 per cent. Pb and 15 per 
cent, of total SiP^, but is now more commonly 5 per cent. Pb and 8 to 11 per 
cent, of SiP^j. Por every ton of refined lead produced | lb. of glue is added, 
and the temperature is kept at 30® C. 

The tanks used at the Trail plant are 7 feet long, 2 feet 6 inches wide, and 
3 feet 6 inches deep, made of selected Douglas fir 4 inches thick, except the 
partition between each pair, which is 5 inches thick. The planks, tongued 
and grooved, arc coated with a ^ inch layer of asphalt (melting point 
40® to 50® C.), and are bolted and tied with iron rods; the sloping floor is 
■covered with P. and B. roofing paper, coated with P. and B. paint, and then 
covered with J inch of asphalt. All leakage is collected by means of launders 
in a settling tank. The daily output from each tank is about 570 lbs. of 
refined lead, making a total for the entire plant of 70 short tons per day. 

The anodes are cast by means of a Bosing pump from two 50-ton melting 
and dressing kettles in moulds like those used for copper refining *, they are 
26 inches wide by 3J inches deep, and about 1|- inches thick, have two lugs 
cast on for suspension, and weigh about 300 lbs. each. The cathodes are 
thin sheets of lead (measuring 36 inches X 26 inches X iJV thick), and 
were formerly prepared by deposition in special tanks on sheet steel cathodes 
prepared by thoroughly cleaning, flushing with copper, lightly lead plating, 
and then varnishing with a solution of paraffin in benzine, which, after drying 
on, allowed the sheets of deposited lead to be readily stripped ofl. The 
cathode sheets were deposited in only thirty hours with a current density 
of 4 amperes. Now, however, they arc prepared by casting by means of a 

* A. G. Betts, Trans. A.I.M.E., vol. xxxiv (1004), p. 175 ; also P. L. Whitehead, 
Mims and Minerals^ 1005, xxv., 285. Sec also Betts, Lead Refining hy Electrolysis. 
New York, 1008. 
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liorizontal troiigli extendalong ilu' whole widtli of a plait" inclituHl at 
15° from the horizontal, lilling the irougli with nudUai it^ad, atid lilting its 
contents upon the plate. 

Each tank contains 20 anodes and 21 rathotlt*s plaetal IjJ iue}u\s a[)art, 
the distance between anode iind eathodt* ludng thus ladwetm atid 2 inches. 
The area of each immersed anode is 11 stpiait" ftad, ilu^ eurnuit thuisily 
employed is 14 amperes ptu- stpiure foot of eathoilt‘ an^a, and tht‘ fail of 
potential between anode a,nd caihodt" is 0*2o to 0*2 \olt, this iow figure being 
due partly to the high conductivity of tlu‘ ehndrolyO*, and partly to the 
ingenious system of contacts emploxuai, which consists (»f little wells of 
mercury in the bus-bars, into which dip on the <uie side copper pins soldered 
to the cathodes, and on the other similar pins clamptMl t(» the anodes. The 
cathode sheets are suspended from copptu* crossbars measuring I by | inch. 
The cathodes are exchanged evuuy four days, tiu* amalcH an* corroclca! away 
in about eight days, and ma,ke about 22 p(‘r cent, ed scrap. 

As 1 ampere of eurrent deposits 2*88 grammes of lead per hour, or 2| 
times as much copper as could be di‘fH)sitc*d with tin* sanu* current, a ton 
of lead requires about 26(MKK) nmpen'-hours, wludi, at Ib anqu'res p(‘r 
square foot, means a4)(Hit 722 scpian* feet cd catiunit* area per loti of daily 
output. In practice, owing to short-circuit lug, to iriereased resistanct" caused 
by the accumulation of slime upon tfu* anodes, Am., and to other (*auses, 
the consumption of current is a.bout 8{t p<u* c‘eut. rimre than tlie theoretical, 
but in any ease the cost of fuel for producing euiiHUit is less fliun I lie etwi of 
fuel for refining in tht‘ dry way. 

The preeijutated l(*ad is nunarknhly pun*, especially wln‘U stuoothesi, 
most of the impurities seem to be introdurt»d through the attachment of 
particles of slime to the* snrfar‘t‘ cd the eatlmde-H, resulting in rough lumps, 
which often contain 2| ozs. of silvi*r, as against one tentli of that amount 
for the average smooth deposit. ^ . 
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The cathodes, when removed from the tanks, weish from 150 to *200 llw.; 
they are washed and scrubbed to o‘raovi« adheriui' slime, melted ilowu in 
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a 50-ton kettle, poled, and cast into bars by means of a Rosing lead pump. 
The general average of a large number of analyses of refined lead by this 
process, as well as of a similar average of many analyses of original work-lead 
and of the anode-slimes is given in Table LIV. The poling operation removes 
most of the tin and residual antimony and arsenic left in the cathode metal. 

Of the impurities present in the original work-lead, zinc, nickel, and cobalt 
dissolve in the solution, as also does a portion of the iron ; arsenic, antimony, 
bismuth, and copper, the electromotive force of all of which is much below 
that of lead, remain in the slime together with the gold and silver. Tin 
alone appears to have nearly the same electromotive force as lead, and so 
partly follows the lead deposited on the cathode, from which, however, most 
of it can be readily separated by poling. The completeness of the separation 
of antimony and bismuth is remarkable. 

Treatment of Slimes at Trail.*—The slimes produced in a plant 
turning out 70 tons of refined lead per day weigh over 5 tons daily, and their 
treatment for best results is still somewhat of a problem. Their treatment 
until recently was as follows :—^After scrubbing the anodes to detach the 
slime, it is stirred up with electrolyte, settled, and the solution returned to 
the electrolysing tanks. The slime is then washed with three successive 
quantities of hot water in three tanks one below the other, after which, how¬ 
ever, it still retains about 1 per cent, of HoSiFg. The wash-waters are 
evaporated at 30° B (= 16 per cent. Pb and 11 per cent. HoSiPg) in a copper 
tank 8 feet X 8 feet x 18 inches deep, drawn o:ff into a settling tank, cooled, 
and gradually returned into the circulating electrolyte. 

The slimes now nearly free from acid, were, until recently, boiled with 
caustic soda in the proportion of 200 lbs. to each 1,000 lbs. of dry slime in 
steel tanks 8 feet x 3 feet X 6 feet deep, with oval bottoms, along which 
run two perforated steam pipes. After boiling up, the supernatant solution 
was run oJS, the slime washed twice with hot water, and sluiced into a wooden 
tank lined with 12-lb. lead for acid treatment. The soda solution and its 
wash-waters contained all the antimony, which was present as Sb^Og (about 
half of the total antimony in the slime); it was recovered by electrolysing 
with a current density of 12 amperes per square foot, using iron or lead 
cathodes ; in the latter case a hard lead was obtained with 25 per cent. Sb. 

The slime was next boiled in the lead-lined tanks for eight hours with 
15 per cent. H0SO4 to remove Cu, Fe, and Bi, air being injected through 
perforated pipes to facilitate solution. The solution and subsequent wash- 
waters were concentrated, and after crystallising out blue vitriol, the molten 
liquor was used over again with more free acid. 

The slime was then dried in a direct-fired steel pan, 4 feet X 8 feet X 1 foot 
deep, mixed with 400 lbs. of soda ash and 50 lbs. of nitre per ton of slime, 
and smelted down slowly in a water-jacketed cupelling furnace lined with 
magnesia brick. After skimming of the slag, which is composed chiefly of 
sodium antimoniate containing 30 ozs. of Ag per ton and a trace of An, the 
temperature is raised to oxidise the residual lead, which, at the same time, 
carries ofi any antimony remaining and also part of the copper, this lead 
slag containing 150 to 200 ozs. of Ag and 0*5 oz. of An per ton. 

After two hours" heating the bullion left upon the test is free from Pb, 
but is only 900 fine, on account of the copper present. • This, however, is 
* Whitehead, loc. cit, abstract in Min. Ind., vol. xiv., p, 425. 
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removed by fnrtber oxidation as Cn^O, wbich runs off in a liquid condition like 
so mucb litharge, and contains Cu 40 per cent., Ag and An 3,000 ozs. per ton ; 
it takes three hours to bring up the 40,000 ozs. charge of dore silver from 
900 to 950 fine (in other words, to oxidise some 2,000 ozs. of copper present). 

At the present time all the above preliminary treatment is dispensed 
with, and the thoroughly washed slime is loaded into copper cars, run under 
a drying hood 6 feet wide by 13 feet 10 inches long, which has a hood and 
sliding doors, and admits two cars at a time. The dried slime is mixed 
with soda ash and smelted down direct to dore bullion about 950 fine. 

The dore silver is cast into 500-oz. bars, and parted with sulphuric acid 
in the usual way. The silver sulphate is decomposed with metallic copper, 
and the precipitated silver is melted down upon the magnesia-brick water- 
jacketed test of another cupelling furnace holding 80,000 ozs., where, after 
melting, it is covered with charcoal and cast in 1,200-oz. bars. The gold is 
melted down in a graphite crucible, refined with nitre, and so raised to 995 to 
998 fine. 

A new process for treating the slimes from the electrolytic process described 
by Betts * is conveniently summarised as follows :—f 

1 . Slime is agitated by means of steam and air in a lead-lined tank with 

ferric sulphate solution, which sulphatises Cu, Pb, and some Ag, the first 
and last being dissolved, while the second remains in the residue, converts 
As, Sb, and Bi into oxides, and produces FeS 04 H 0 SO 4 . The products 

are a solution (2) and a residue (3). 

2 . The solution is treated with metallic copper, precipitating Ag, which 
is added to residue 3, and a silver-free solution to 5. 

3. The residue is filter-pressed and washed, then agitated with a solution 
containing 12 to 15 per cent. HP and 2 to 4 per cent. H 2 SO 4 , yielding parting 
material 4 and solution of SbFg. 

4. The parting material is melted with soda and cast into anodes, which 
are parted by electrolysis in an electrolyte composed of methyl-sulphuric 
acid (15 per cent. CH 3 . SO 3 and 7*5 per cent. Ag, with 1 part of gelatine in 
12,000 to 15,000), giving dore silver and an electrolyte containing Cu, Bi, 
and about 1*5 per cent. Ag, from which the Ag can be removed by Cu, the 
Cu and Bi with Pb, the Cu and Bi being then separated by boiling with 
Fe 2 (S 04 ) 3 , the residual Bi 203 after washing being reduced to metal. 

_ 5. To the solution CuO is added, AS 2 O 3 , if present, is crystallised out, and 
it is then electrolysed for Cu with carbon anodes, the ferric sulphate solution 
remaining being returned to ( 1 ). 

6 . The solution of SbFg from (3) is electrolysed, yielding metallic Sb and 
dilute HF, which, with H 2 SO 4 , is returned to ( 3 ). 

The following analyses are given of the products from this new process ■ 
Metallic antimony Sb 99*52 per cent., Cu 0*07 per cent., As 0*41 per cent., 
dore silver Ag 78*94 per cent., Au 2*08 per cent., Pb 17*56 per cent., Cu 0*81 
per cent., Sb 0*47 per cent., As none. 

Space is wanting here to go into the subject of electrolytic refining in 
greater detail, and for further information the work on the subject by Betts J 
should be consulted. 

* Electrochemical and Metallurgical Industry, 1905, vol. iii., p. 272. 

t Mineral Industry, vol. xiv., p. 427. 

X Lead Refining hy Electrolysis. New York, 1908. 
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CHAPTER XIX. 

WORKS ASSAYING AND ANALYTICAL METHODS. 

Preparation of Samples.—The last stage in the preparation of an ore 
sample, after a series of quarterings which have reduced its hulk to about 
a couple of pounds, is the fine grinding. Previous to commencing this, 
it is well to dry the final sample, after which it is ground down on a clean 
bucking plate till it will pass the final sieve adopted, which for ordinary 
lead and medium grade silver ores may be an 80 or 100 mesh, but for rich 
gold or silver ores should be 120 mesh, any coarse particles being returned 
and re-ground until they are got to pass the sieve. The whole sample is 
then thoroughly mixed by rolling over and over alternately in two directions 
at right angles to each other on a sheet of oilcloth or thin india-rubber, after 
which it is filled into a series of from four to eight bottles or stout paper 
bags placed in a row, by means of a funnel partly stopped by the forefinger, 
and in such a way that part of the sample enters each bottle of the row 
successively, the funnel travelling up and down the row till all are filled 
simultaneously. One sample is then delivered to the works^ assayer and 
two to the seller’s representative, the others being retained as “ checks ” 
or ‘‘ controls ” in case disputes should arise. 

In case part of the sample remains upon the sieve as metallic threads 
or scales, which frequently happens in the case of ores containing native 
silver or “ chlorides,” and occasionally with rich gold ores or concentrates 
such portion is weighed and assayed separately, the weight of sample passing 
the sieve being also determined. The correct assay value of the ore is then 
the amount shown by assay of the fine powder flus the assay of the “ metallics” 
calculated back on the weight of sample which passed the sieve. 

ASSAYING. 

Strictly speaking, the term assaying in smelting works is confined to the 
determination of the lead, silver, and gold contents of an ore as a basis for 
purchase, and as regards rich galenas little else is ever required. In the 
case of complex ores, however, it is necessary to determine many other 
ingredients, not only as a guide in making up the furnace charges, but also 
as a basis for purchase, as has been explained (Chap. ix.). 

The determination of lead, silver, and gold as a basis for purchase is always 
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made in tlie dry way—all otiier constituents are determined in the wet way 
by short and convenient methods, most of them volumetric. These are- 
described under the head of Analytical methods. 

Dry Assay for Lead.*—There are many different modifications of 
the dry assay for lead, but only the two which give most satisfactory results, 
need be described here. 

1. Method joT Pure Galenas containing upwards oj 10 'per cent. Lead .— 
The best method is the iron crucible assay, commonly used in England, and 
in Belgium and Silesia ; it is performed in the ordinary crucible wind-furnace, 
and the crucible employed is of wrought iron 4 inches high. The quantity 
of ore taken is usually 400 grains or 30 grammes (at Tarnowitz 50 grammes), 
and the fiux employed is, according to Percy, a mixture of carbonate of 
soda 7 parts, dried borax 3 parts, and cream of tartar 1 part,f an equal 
quantity of which is mixed with the weighed sample. The iron crucible 
is brought to a bright red heat, the mixture shot in from a copper scoop, and 
the crucible replaced in a hot fire without loss of time, a “ coverof borax 
being added. As soon as the mixture is completely melted (which should 
take about five minutes), the contents of the crucible are stirred and its 
sides scraped down with a chisel-ended iron rod. The crucible is returned 
to the furnace for a few minutes, again removed, the sides again scraped 
down and the stirrer washed in the slag, after which the crucible is tapped 
a few times to settle the lead, and poured; any small globules adhering to 
the pot being also turned out by a sharp tap or two of the crucible held 
upside down in the tongs. When cool, the button of lead is separated from 
the slag (which is generally quite clean), cleaned, and “ cubed upunder 
the hammer, and weighed. Pure galenas, by this method, will always yield 
84 per cent, of lead, provided the temperature is high enough to complete 
the assay in ten minutes, whereas with the “ iron-nail'' and other methods 
it is impossible to get more than 82 or 82^ per cent. Percy proved J. that 
when the gangue consists exclusively of calcite or barytes the results given 
by this method are not materially lower in the case of even very poor ores 
than with rich, the actual loss averaging only 1 to per cent, on the weight 
of ore taken. When, however, the gangue consists mainly of silica the 
results on poor ores (8 to 25 per cent.) are from 3 to 3| per cent, lower than 
the truth, this error in the case of an 8 per cent, ore amounting to no less 
than 35 per cent, of the total lead present. 

2. Method for evefry^ other Variety of Lead Ore .§—Many different methods 
of assay in clay crucibles have been recommended in works on assaying, 
and the number of fiuxing mixtures employed is very large, but according 
to pretty general experience no method is so universally applicable as the 

♦The student may consult Phillips’ Elements of Metallurgy, 1891, pp. 626, et seq.; 
Percy, Metallurgy of Lead, pp. 104-119; Balling, Prohirkunde, Brunswick, 1879, and 
Gautier’s translation, Manuel de Vart de VEssayeur, Paris, 1881 ; Mitchell’s Manual of 
Assaying; Beringer, Text-hook of Assaying, 1906, pp. 211-213 ; Pulton, Manual of Fire 
Assaying, N.Y., 1907, &c. 

t The author has found that ordinary “ lead flux,” composed as described in the 
next section, can be advantageously substituted for this mixture. 

X Metallurgy of Lead, pp. 113, et seq. 

§ v. Purman, Manual of Practical Assaying, N. Y., 1893, p. 137; also Hofman, 
Metdlurgy of Lead, N. Y., 1893, p. 70 ; lies, 8. M. Q., vol. xv., p. 336 ; Pulton, Manual 
of Fire Assaying, N. Y., 1907. 
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so-called “ Colorado assay/" which is practically identical with the Freiberg 
assay described by Balling,* and was undoubtedly brought from Freiberg. 
The assay is conducted in the ordinary large scorification muffle, which is 
19 inches by 12 inches inside, and the crucibles used are the “ Colorado 
A A and A"" of the Battersea Crucible Company, the former (corresponding 
with the 5-gramme cup of the Denver Fireclay Co.) being 2^ inches high 
by 2J inches wide at top, and the latter 3 inches high by 2| inches wide 
(corresponding with the 10-gramme cup of the Denver firm). The smaller 
size is amply sufflcient for all lead ores properly so called— i.e., over 10 per 
cent, lead contents—^while the larger size is required for slags and poorer 
ores. There is no agreement about the best composition for lead flux, but 
in the author’s experience good results were obtained by adding to 5 grammes 
of ore, 20 grammes of flux made according to Plattner’s original formula 
(with the exception that dried carbonate of soda is substituted for the bi¬ 
carbonate originally specified)—^viz., 2 parts potassium carbonate, 2 parts 
sodium bicarbonate, 1 part powdered borax glass, and 1 part flour. Furman,t 
however, recommends a lead flux with only half the above proportion of 
borax, while lies % uses 30 grammes of a flux made up by the Denver Fireclay 
Company, in which the proportion of sodium carbonate is somewhat increased. 
The ore and flux should be very thoroughly mixed in the crucible with a 
spatula or glass rod, and well settled down by tapping. According to lies, 
a cover of borax is only requisite in the case of slags and basic ores, but 
many assayers use it in all cases, except in presence of very large amounts of 
As, Sb, and Zn, and its use generally gives higher results, though it un¬ 
doubtedly prevents the elimination of volatile metals. After well tapping 
down, from 1 to 4 “ tenpenny ” wire nails are added, points downward, 
for in that way they are upon removal less likely to retain globules of lead 
than if heads downward, as recommended by Mitchell and the older assayers. 

No nails are required if the ore be oxidised; one is sufficient in the case 
of a slag, three if a rich sulphide ore, and four if pyritous or cupriferous. 
Fusion in the muffle takes from fifteen to twenty minutes if the heat be right, 
or may take thirty minutes if the temperature be too low. As soon as 
tranquil fusion is obtained the crucible is withdrawn, and the nails removed 
one by one with a pair of short tongs, washing each carefully in the slag 
to detach any adhering globules of lead. The crucible is then tapped a few 
times, and poured into a scorifier mould, or on to a cast-iron plate as recom¬ 
mended by lies. In the latter case the button cools almost instantaneously, 
and is readily separated from the brittle slag, which should contain no globules. 
Duplicate assays ought to agree to within 0*5 per cent., and in practice they 
frequently agree within 1 centigramme on the button (=0*2 per cent.). 

In spite of this agreement, however, and of the fact that lead ores are 
always purchased on the dry assay, the method is not accurate ; for there 
is always a large though variable volatilisation loss, which is compensated to^ 
a variable extent by the presence of other metals alloyed with the button, 
lies § has gone into this matter in detail, determining the impurities in 700 
buttons from ores averaging 34 per cent, lead, and checking the dry assay by 
the wet assay of Alexander given below. He finds the average volatilisation 

* French edition, Manuel de Vart de V Essay cur, 1881, p. 444. 

t O'p. cit, p. 68. t of Mines Quarterly, vol. xv., p. 341. 

§ Sch. of Mines Quarterly, vol. xv., p. 339. 
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loss on ores of tMs grade to he 7* * * § 20 per cent., wMch is ofiset by impurities 
in the buttons amounting to 3*75 per cent, of tbeir weight (gold and silver 
0*42 per cent., Sb, Cu, Pe, &c., 3*33 per cent.); so that the net amount by 
which the dry assay is too low, is in this case 3*45 per cent, of the weight 
of lead present. He suggests the employment of the wet assay for lead, 
with a uniform deduction of 2 per cent.; as is nowadays commonly done in 
the case of copper, to obtain the so-called ‘‘ dry assay"" on mattes and high 
grade ores. Warwick * also finds that the wet methods give results which 
average about 2 per cent, higher than dry assays on ores carrying from 10 to 
14 per cent. lead. 

Lay has investigated the muffle dry assay for lead as ordinarily carried 
out, and found that by starting at a low temperature and raising the heat 
as quickly as possible practically all the lead which does not enter the button 
can be found in the slag, the volatilisation loss being, therefore, quite low, 
which one would perhaps not have expected. 

The use of KCN as an addition to the ordinary charge has been advocated 
by Frost, J who adds 5 grammes of cyanide to the charge after complete 
fusion has taken place, and keeps the crucible in the fire for another fifteen 
minutes before pouring. The residual lead, which by the ordinary method 
remains in the slag, is reduced to metal by this addition, and the results 
average about 0*7 per cent, higher than by the ordinary method, so that 
on rich galena ores they check fairly well with the wet assay, reduced impuri¬ 
ties entering the lead in about sufficient quantity to compensate for the 
volatilisation loss. 

Wet Assay for Lead. § — There are several excellent methods of 
determining lead in the wet way, but for works" purposes only those which 
are quick as well as accurate are acceptable. The following well-proven 
methods are in common use :— 

1 . Gravimetric^ weighing as Pb {von Schultz d Low ).\\—Take 1 gramme 
of ore, dissolve in a 250 c.c. flask with 10 c.c. concentrated HNO^ and a few 
drops of HCl, boil, add 10 c.c. strong H 2 SO 4 and boil till white fumes of 
SO 3 are given ofi. Cool, dilute with 50 c.c. of water, add 2 grammes Eochelle 
salt, boil, filter, and wash residue of PbSO^ and gangue with 1 : 10 dilute 
H. 2 SO 4 . Dissolve out the PbS 04 on the filter into a small beaker with a boiling 
solution of AmCl, decant into original fiask, boil residue with a few c.c. of 
strong NaHO, precipitate with H 2 SO 4 , avoiding excess and rinse into beaker ; 
acidify with HCl and add two or three strips of A1 sheet ^ to precipitate the 
lead. When precipitation is complete (five minutes is generally sufficient, 
but it is safer to allow fifteen) boil a few moments, fill up flask with cold 
water, settle and decant into a porcelain dish to make sure of catching any 
particles of lead, repeat the washing several times, then invert over a tared 

* Proc. Colo. Sclent. Soc., vol. vii., pp. 73-77. 

t Journ. Can. Mining Inst., 1901, p. 224 j abstract in Min. hid., 1901, vol. x., p. 419. 

t E. and M. J., May 17, 1902, p. 731. 

§ E. and M. J., Jnne 18, 1892, and J. Am. Chem. Soc., vol. xv,, p. 548; Beringer, 
Text-hook of Assaying, 1906, pp. 213-218 ; Eliead and Sexton, Assaying and Metallurgical 
Analyses, 1902, pp. 62-67. 

1! V. Eurman, op. cit, p. 137, et seq. ; also Hofman, Min. Ind., vol. iii., p. 422; and 
Low, J. Am. Chem. Soc., vol. xv., p. 548. 

II Zinc free from lead will do, but is much slower than the aluminium sheet, which 
should be J inch thick, and cut into fragments of about 1 inch X f inch.. 
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porcelain crucible to collect tbe lead, rub ofi the A1 with the fingers, settle 
and decant of! the water. Press the Pb into one mass with an agate pestle, 
wash with hot water and then with 95 per cent, alcohol, dry carefully and 
weigh quickly. The determination takes from thirty to forty minutes, and 
the results are accurate, though subject to a plus error of from OT to 0*5 per 
cent., due to impurities (chiefiy silicon) in the aluminium, which are weighed 
as Pb; and to some oxidation of the lead itself. The method has been 
in common use in laboratories of works under the author's control, and 
although somewhat slow, has been found very reliable. 

2 . Volumetnc, with Standard Ammonium Molybdate [Alexander ).'^— 
Ammonium molybdate gives a white precipitate with lead acetate until 
the whole of the lead present is thrown down, any excess of molybdate being 
shown at once by the yellow colour which it gives with a fresh solution of 
tannin. The indicator is made by dissolving 1 gramme of tannin in 300 c.c. 
of water, and is used in the form of drops on a porcelain plate. The standard 
solution is prepared by dissolving 9 grammes AmoMoO^. in 1 litre of water 
containing a few drops of AmHO. One c.c. of the solution should equal 
about 0*01 gramme of lead, but it is standardised by weighing out 0*3 gramme 
of pure PbSO.i, which is dissolved in hot ammonium acetate, acidified with 
acetic acid and diluted to 250 c.c. It is then heated to boiling, and the 
molybdate dropped in till a yellow colour is produced on adding a drop of 
the solution to one of the tannin drops on the plate. The standardisation 
is performed in duplicate, and the value of 1 c.c. calculated. 

For the a,ssay, take 1 gramme if under 30 per cent. Pb, or | gramme if 
over that percentage, heat in a small porcelain dish with 15 c.c. strong HNO.^ 
and 10 (‘.c- strong ILSO .1 until the former is all expelled and white fumes of 
SO.{ begin to come oil. Cool, dilute with a few c.c. of cold water, add hot 
water and boil out soluble sulphates; decant into a small filter, wash in 
the dish thrk'C with hot dilute HoSO.i (1 : 10 ), and once with a little cold 
water. Boil up with saturated ammonium acetate, pour through filter into- 
a small bealcer; repeat till PbSO.j is all dissolved, wash with hot water, 
acidify with a(*etic acid, dilute with hot water to 250 c.c., and heat to boiling. 
Run in tlu‘, molybdate, with constant stirring, testing drops on the plate 
with the tannin‘indic,ator. The accuracy of the method is not interfered 
with by As, Bb, Zn, Cu, or P, which all pass into the original H,SO.j solution ; 
Low, however, states that it is interfered with by lime. 

3 . Volumetric with Standard This method, as described^ by 

Beebe, t is carried out in an acetate solution free from alkali salts, uranium 
acetate, acidified with acetic acid, being used as indicator. The standard 
ferrocyanidc solution is 11 grammes per litre. Either 0*5 gramme or 1‘0- 
gramme is taken and dissolved in HNO.j with a little HCl, if necessary. Evap¬ 
orate with H 0 BO 4 to strong fumes of SO.j, dilute a little, and cool. Add an 
equal volume of alcohol, shake, allow to stand, filter and wash with hot 
water acidified with H 0 SO 4 . Wash residue from filter with 50 c.c. of cold 
concentrated solution of ammonium carbonate, stir vigorously at intervals 
during fifteen minutes, filter and wash residue thoroughly with hot water. 
Dissolve out the lead carbonate in hot dilute acetic acid, cool, and titrate. 

* Colorado Sch. of M. Scimt Quarterly, vol. ii., No. 1, p. 00 ; also E, and M. J,^ 
April 1, 1893. 

t E, and M. J., July 7, 1894. 
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Standardise with pure lead acetate. The method is fairly accurate, but the 
manipulations are somewhat tedious for everyday use. 

4. Volumetric Methods with Standard KMnO ^^.—In view of the great 
convenience of titration with permanganate which requires no indicator, a 
number of methods have been introduced for utilising tliis solution. 

The original method of Knight, as modified by Low,^ consisted in de¬ 
composing, extracting the PbSO.^ and precipitating tlie Pb or A1 exactly 
as in Low's gravimetric method. He then dissolves the Pb in 5 c.c. HNO.. 
(1 : 2), warms, pours into a small beaker to get out the Al, returns to flask,’ 
adds 2 drops of phenolphthalein solution, then a slight excess of strong 
NaHO, and lastly, 10 c.c. cold saturated solution of oxalic acid, cools, filters, 
and washes with cold water. Place in flask 75 c.c. of hot wa-tcr, add a few 
drops HoSO^, boil, drop in filter with contents, and titrate with decdnormal 
permanganate. 

This is an admirable method, subject only to a mmus error aitiounting 
to about I per cent., owing to the solubility of lead oxalate. Its great con¬ 
venience is that it does away with the nec-essity of keeping a 8e])arato and 
expensive standard solution of molybdate, and utilises the same solution 
already employed for volumetric determinations of manganese, iron, and 
lime, its standard in terms of Pb being that in terms of X L’818. In a 
works' laboratory it is often a convenience to employ as fe.w standard solu¬ 
tions as possible, since the amount of standardisation to be done is thus 
reduced to a minimum. The method, however, is not nearly so direc;t and 
rapid as that with molybdate, which is, therefore, to be preferred in works 
where large numbers of wet lead assays have to be mad(c 

Another method proposed by Low f for utilising the pc^rmanganatc 
titration involves precipitation of the lead (is chromate, after boiling out 
the sulphate with lead acetate. The lead chromate is boiled with hot oxalic, 
acid and alcohol to reduce CrO,j, by which the lead is converted into oxalate, 
which is then filtered ofi, well washed with hot water, boikul up paper and 
all with dilute H^SO^, and titrated with standard permanganates solution 
of 1-5185 grammes per litre, of which 1 c.c.= 1 per cent. Pb when 0*5 gramme 
of the original ore was taken. 

Still another method recently published { consists in precipitating tlie 
lead as PbO^ from its solution in strong NaHO by rmuius of brcmuiu^. water. 
The filtered and washed PbO.^ is then reduced by a measunni cxcchh of 
standard ferrous-ammonium-sulphatc solution, and tlie excesB of this titrated 
back by permanganate. 

Determination o/ Lead in §—Take 10 grammes slag, add 10 e.(‘,. 

water, and, while agitating, pour in 50 c.e. (concentrated HC'I, diluO^ with 
30 to 40 c.c. water, and boil till no more 1I..S comes of!. Add KClO.j, boil 
ofi excess of acid, filter into a beaker holding l,5(X) c..c,., and wash’ three 
times with boiling water. Return filter with residiu^, boil up again, filter 
again, and wash twice or thrice with boiling water. Add 20 grammes granu¬ 
lated zinc free from lead, allow to stand overnight, filter, wash three times 
with hot water. Take filter with excess zinc? and prcicipitated Pb in a bc^aker, 

^Journ. Am, Ghem, Soc., vol. xv., p. 548; abstract in lUin, Ind., vnl iii., p. 422. 

'fJourn. Am. Ghem. Soc., vol. xxx., p. 587; and Min. JS^cknL Prnm, Feb. 13, 1909, 
p. 258. X E. and M. J,, Jan. 30, 1909, p. 200. 

§ Svoboda, Oest. ZdUchr. /. B. u. IL Wcam, 1902, p. 583. 
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.add HNO., to dissolve, transfer to 250 c.c. flask, cool, filter to mark. Take 
200 c.c. of filtrate (= 8 grammes slag), add 25 c.c. of 1 :4 HoSO^, and, when 
PbSO^ has settled out, add 70 c.c. absolute alcohol, and allow to stand over¬ 
night. Filter through Gooch crucible, wash with 30 per cent., and then 
with 100 per cent, alcohol, finally with ether, dry at 150° C., cool and weigh. 
The PbSO^ is usually chemically pure, but may be tested by dissolving out 
with ammonium acetate and weighing the residue, if any. 

Assay for Silver and Gold.*—These metals are always determined 
by the dry assay, according to which they are first collected in a button of 
lead, which is then cupelled and the resulting bead of gold and silver weighed. 
The gold is afterwards “ parted from the silver by means of nitric acid, 
and weighed in the metallic condition; the difference between its weight 
.and that of the bead obtained by cupellation being the weight of silver. 

In the case of rich galenas, of which 400 grains or more have been taken 
fox lead assay by the iron crucible method, the reduced button of lead con¬ 
tains all the values in gold and silver, and all that is necessary is to cupel this 
button. 

For all other ores a separate assay must be made for the precious metals. 
Two different methods are employed—^viz., the crucible assay and the scori- 
ficaiion assay. The former is in use everywhere for gold ores, but for silver 
•chiefly in England and on the Pacific Coast; while the latter is exclusively 
employed for lead-silver ores in Germany as well as in Colorado and other 
•smelting centres of the United States. When the ore to be assayed is either 
poor or refractory (especially if basic); when a large part of its silver contents 
is in the form of chloride or combined with arsenic or antimony ; or when it 
contains any mineral which even in fine powder decrepitates on heating, the 
crucible assay will generally give more uniform and more reliable results. 
The scorification assay is undoubtedly to be preferred for lead ores, for coppery 
•ores, for sulphides (except such as decrepitate badly), and generally for those 
medium grade docile ores which contain most of their silver finely dissemi¬ 
nated through the other minerals. On such ores the uncorrected scorification 
assay is higher than the uncorrected crucible assay. 

According to Nissenson f assays made of Broken Hill concentrates at 
Stolberg are higher than those made by cupelling the lead buttons obtained 
by the wrought-iron crucible dry assay for lead by no less than 3*8 per cent., 
but an examination of the silver buttons showed that those from scorification 
assays contained on an average 2*15 per cent, impurities, as against only 
►0*52 per cent, in the buttons from the crucible assays, thus accounting for 
1*53 per cent, out of the total surplus of 3*8 per cent. Prost and Boveroulle % 
-confirm these results, giving 2*63 per cent, as the amount by which the 
scorification assay exceeds the iron pot crucible assay. 

Scorification Assays .—These are best performed in triplicate, in a muffie 
sufificiently wide to take three of the largest-sized scorifiiers side by side. 
The muffles used in American smelting works are usually 19 inches by 
12 inches wide, and they are generally heated with bituminous coal (Swansea 

* See Beringer, Text-book of Assaying, 1906, pp. 88-116 ; Rhead and Sexton, Assaying 
sand Metallurgical Analyses, 1902, pp. 116-121; Fulton, Manual of Fire Assaying, N. Y., 
1907, &c. 

t Berg. u. B. M. Zeitung, vol. lix., 1900, p. 572. 

% Bevue Universelle des Mines, 1901, vol. Ivi,, p. 220. 
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fashion) instead of with coke. The scorifier commonly used in Colorado i& 
the 2J-inch size, the charge for which is yV assay ton (or on the 2,000 lbs. 
ton scale, 2*9167 grammes, upon which quantity each yV silver obtained 
represents 1 oz. per ton). With ores which are very refractory, or which 
contain much of volatile constituents, a larger sized scorifier is necessary 
to leave room for the extra test lead and borax required ; and some assayers 
habitually use the 2J-inch scorifier for poor ores and take y% of an A.T. for 
each assay so as to get larger beads to “ partfor gold. When only y^y A.T. 
is taken for silver it is usual to make a separate crucible assay for gold, 
taking J A.T. each if performed in the muffle, or 1 to 2 A.T. if in the wind 
furnace. 

The following table (substantially after Kerl) gives the proportions of 
granulated lead and of borax glass for A.T. of material, but a little roll 
of sheet lead or paper packet of borax glass can be added after scorification 
has commenced, when necessary. It is in fact advisable not to add at once 
all the borax glass, as that would result in “ coveringthe lead too soon; 
it is preferable to start with a small quantity, say J gramme, and add more 
afterwards as required. 

TABLE LV.— Charges for Scorification Assay. 


Xatiu'e of Material. 

Grms. 
of Test 
Lead. 

Grms. 
of Borax 
Glass. 

Tempera¬ 

ture. 

Advantageous Additions, (fee. 

Galena,. 

10-15 

O-Q-0-5 


5 grms. litharge helps. 

Galena, with blende and 





pyrites, .... 

20-35 

0-6-0-9 


5 grms. litharge helps. 

Lead carbonate, . 

10-15 

O-Q-0-5 



Iron pyrites, .... 

3Q-45 

0-3-0-8 



Arsenical pyrites, . 

45-50 

0*3-1 *5 

High 

Cover of litharge. 

Antimonial ores, . 

50 

1 *0-3*0 

High 


Blende,. 

30-45 

0*3-0*6 

High 

Iron oxide helps. 

Lead matte, .... 

25-35 . 

0*5-1 *0 



Copper ores and matte, 

35-50 

0*3-l*5 

Low 

' Cover of litharge.* 

Speiss,. 

30-60 

0*5-0*7 

High 


Furnace accretions, 

25-50 

0*3-l*5 



TeUurides, .... 

50-60 

0*3 


Cover of litharge.* 

Siliceous ores. 

35-40 

None. 



Basic ores, .... 

35-40 

0*0-2*0 


Powdered glass helps. 

Basic ores with barytes. 

25-30 

0*5-l*5 


Sodium carbonate helps. 

Cupel bottoms, 

20-25 

up to 0*75 




The quantities of borax glass and test lead in the above table are never 
weighed out; the former being guessed with sufficient accuracy, while the 
latter is measured in an adjustable measure like that used by sportsmen for 
loading catridges. The scorification process is conducted as follows:— 
One-half of the test lead being placed in the scorifier, the ore is added 
and well mixed with a spatula ; the other half is then added as a cover, and 
the borax glass on top of all. The scorifiers are placed in order in the muffle, 
and the door closed till the formation of a ring of slag round the surface of 
* Button has often to be scorified with more load. 
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the melted lead shows the commencement of scorification. The door is then 
opened and scorification continued until the “ eye'' of lead is completely 
closed by a uniform surface of slag; upon which the muffle is again closed 
and the temperature raised as high as possible for a few minutes, so as to 
render the slag perfectly fluid. Some teachers of assaying recommend 
“ cleaning the slag by the addition of a few grains of charcoal or anthracite 
wrapped in tissue paper before the final increase of temperature, but, pro¬ 
viding the slag is perfectly fluid, the omission of this precaution is not found 
to make any appreciable dfflerence in the result. When thoroughly fluid, 
the scorifier is removed from the muffle and its contents are poured into the 
mould, which is preferably conical in shape; when cold the lead button is 
easily separated from the brittle slag, cleaned by hammering and brushing, 
and ‘‘ cubed up ” ready for cupellation. The slag should show no half-fused 
portions, and the lead should always be collected in a single malleable button, 
which should weigh between 8 and 12 grammes; if heavier it should either 
be reduced by scorification or cupelled in an extra large cupel. It is difficult 
to say which practice is preferable, but the loss of silver in scorification is 
commonly supposed to be less than in cupellation.* 

If the bullion be hard or brittle it must be re-scorified, Avith the addition 
of more lead. If the button shows traces of regulus on the top the assay 
should be rejected and another made, adding a little litharge. If the slag 
shows signs of imperfect fusion the assay must be repeated, crushing the ore 
a little finer than before, and mixing it more thoroughly wfith the test lead, 
using a little extra borax and a higher heat. The buttons of lead are then 
cupelled and the beads of silver weighed, the maximum diflerence between 
the three should not be more than mg. on buttons weighing 1 centigramme 
each (1 oz. on 100 ozs.). When the difference between the heaviest and 
lightest of the three does not exceed this amount their weight is added 
together and the mean taken; but when the difierence is greater a couple 
more check assays should be made. All the silver beads obtained are added 
together for parting unless the gold is to be determined by a separate crucible 
assay, and in any case the amount of gold found is deducted from the com¬ 
bined weight of the beads to get at the silver present. The amount of silver 
in the test lead should be always determined by scorifying down and cupelling 
100 grammes, and the amount, if considerable, deducted from the weight of 
the silver beads. When, however, “ pure'' test lead is used the + error 
introduced by making no deduction for its silver contents is on all medium- 
grade ores very much less than the — errors through losses in scorification 
and cupellation, so that unless the scorifier slag and cupel bottom be 
re-assayed, and the amount added to that found in the original assay (which 
is not usually done in ordinary commercial work), a closer approximation 

* Doubt bas been thrown on the accuracy of this belief through the researches of 
Mason and Bowman {Journ. Amer. Chem. Soc., 1894, vol. xvi., p. 313). These authors- 
found that pure silver and gold with test lead almost invariably lost more weight when 
scorified down and cupelled than when the same weight of test lead was cupelled off 
direct. With weights of 150 to 600 mgs. the average loss by cupellation alone was 1*99 per 
cent., by combined scorification and cupellation 2*54 per cent. These results are con¬ 
firmed by those of Miller and Pulton {S. M. Q., vol. xvii., p. 163). According to Percy 
{Met. of Silver and Gold, p. 296), the late Bichard Smith found no difference in the quantity 
of silver obtained from test lead by direct cupellation and by cupellation after a pirevious 
scorification. The subject apparently requires further investigation. 
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to the truth ia obtaiiK'd by luakiii.u im> ba* lln* nilv^r roulaiu(‘<l in 

the granulated lead. 

C’TUcihlC' .d.s',sY///.s’.‘~ Tlu* s{H*cial applieabiiitv uf lhi'» iiirfiaHl to e(*rtaiu 
classes o£ orea has been alr<‘a,<ly noted. .Mam diilenait tlnxiici fuixtures art^ 

in use, but among the b(\st an‘ {host* idveu in tin* bdlowiu^ laldo. (Mreful 
examination of the samph^ with a ban and l»v \%,ynhlm a iilth* of it in a small 
porcelain dish or saiuau' will usimllv give sntlh-imit iuformafiuu as to its 
i'omposition to serve for Iluxing, uhieh can ea.-alv bo tloito to mut ; bearing 
in mind tlnit soda is a flux for silien, borax and powdered nla.sa for irtm and 
other bases; that sulphur in the ore arts as a reihuan*, but is rtmittontett^d 
by nitre as well as by oxid«‘s of iron and nnuinane u*. 

There are two prineipal .systiUiiH of tluxiiiy. : the old ev-4f*iii advoeated 
by Mitchell aims at keeping an exeess u! litliarnf ah\a\.H pri'aiml to flux 
base mctaK by which meauH flu* .slugs an^ ulw.us llunl at a low tmiiptn’alurt\ 
but the destruction of ptds is vtaw great* ainl tlie proper weight of haul button 
can in the case of many ores only be tditained after one or loore preliminarv 
trials. Not only so, but the presence td a great e\cev4 of lit liaree k invariablv 
found to give low rc^sults as regards :4her, flioiivli pri>b.ibl\ not as regards 
gold.^ In tlie mor(‘ modern nysteni of tluxine prartiealh thi* whole of the 
litharge added is rediuaal, ami tlte buM* iiieird^ are kepi in :-o|iifioii in the 
slag either as siluaite.s or sulphifios. d'lit* biitton In ilii, nteiliod U alwavs 
obtained of the correct weight, but it ina\ roitfaiii I'opper, aiifiinony, or 
other impurity, in which ease it nlitudd In* .Hcoiafied. befi»re « upelling. ubh a 
little lead, and slumld any matte or apei'iS be found o\etl\iiig the Imtton 
this should Ih‘ also in sueli a ("use setirilied fogtuher with the le.itl. 

Table lAl. gives a nitniber erf inixIurcH for rctndin itfiv «riiritdi* a,na\s, 
which have Iremi trirni by experieue**. aiid ran la* flionuiidih" ri'roiiiniended. 
All but Nos. 1 and b are on llu* “ tirtal redm lion ;^n/Uein/’ 

Pyrites, mispickel, ami other stiipliid** oren nmv be oxulned In nitre as 
with mixture 5; a large p<rt imF4 lie iiml *if the titixliire m imblr to boil 
over, but when a mutlle is tmmiy {m k usiialh fto* ea-iei fhe otithor prefers 
to place the weighed sample in a large roaMing ifiMi ju^f thr ntuflle 

<l()or and to roast out the sulpliiir iunl arseine, iiirlting the re-,idiie luth a 
mixture intermediate lietween I nml H, arrording to ilir piiiporiioii of ttaste 
in the sample. Slags and pmir iron llti\i*H rripurr of bMru uui a^Hjiv's of 
1 ton ea(h to be takem ntlding flu* btifloii’i togvllif-r f*rr ami, in 

the {‘am* of very prior slagA, some aMHaieri iweii iiialr of **’ foim 

eaeli, using slightIv larger tTindldeH, ihm m iiiin b imoe IroiibleMuiie. 

Steel t has deserilHat a general of r-jik ul.itiiig » ni* ibh* i larger 

whieh will serve btr anv^ehiv^ of on-. IT*, neit.-rml lor r. i lonely 

inspeaded, am! its npprotiinafe iiiiiif*ralogteii! * oinpir iiuoi the 

{•ornxHpcmding estimatefl tteiefit of earb m ifir of ore 

taknm for assay laung writtmi down (..ar ! A:1\ nboiif Id gnifitiiieH). 

Tim slag aimed at w a bimlir.ite of Hoda aiitf !e,ob ind . .ih iilifioti m m 

.tor everv I graiiime of fhni , Me<1t , or pf.-eiit in the 

ore, and for {‘very l.l grammes of Fe It , Kidk *li‘s or otlirM mfimlile .^.ilicnie 
imwnt, 2 grammes of SilK Mmiilil be Alhmr.l d ipn |o.m m fhe ore, 
the defir itun \ simnld be iiimie lip In |ifni«|ei:e4 or pioAiiertil gliiss 

^ HwMiko UhI«i% 7*mim. , %ul %%^^m , oe * ;il o|:i 
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(of wliicli 1:1 grammes is taken as equal to 1 gramme SiO^). According 
to tke total quantity of SiOo now present in ore and fluxes J gramme borax 
glass and 1^- grammes of sodium bicarbonate skould be added for eacb gramme 
■of SiOo present originally or added. Litharge is then added enough to make 
■with the lead in the ore an 18-gramme button, and in addition 2 grammes 
PbO for each gramme silica or infusible silicate present and more, if there 
is much copper. Argol or nitre should be used according to the amount of 
.sulphur present, so as to get a button of about 18 grammes, and if the resulting 
button is brittle from antimony or zinc, or hard from much copper, it must 
be scorified. 


TABLE LVI. —Charges eor Crucible Assays. 












Poor 











Sili- 


General 

Eormulre. 

Quartzose 

Ores. 

Pyritous Ores. 

Basic 

Gold 

Ores. 

Roasted 
Gonceii- 
, trates. 

Slaj^. 

ceous 

Copper 

Ore, 

little 











Sul¬ 

phur. 

Reference, - 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Ore, . 

Litharge (red 

1 

1 

1 

1 

1 

1 

2 

lor 2 

2 

2 

lead), 

5 

11 

1 

1 

S 


1 

1 

X 

IJ 

Charcoal, . 

Flour, 

Lead flux. 


tV 

•aV 

xk 


1 

iV ^0 i 

1 

2 


Soda carb.. 

1 

3 

f 

*2 

2 

2 

Y 

1 1 

1 

3 ’ 

Borax glass, 

1 



X 

4 

1 


1 

1 1 

1 1 


Powdered glass. 
Silica, 





1 

i* 

1 

,. i 

1*^ 1 


•• 

Nitre, 





i$ 




.. 

.. 

Iron nails, 


1 to3 


V 

1 to 3 

3to4 

., 

1 or 2 

1 

1 

Cover, 

salt 

salt 

borax 


salt 

salt 

borax 

borax 

borax 

borax 

Remarks, . 

a 

1 

I 



6 

c 

d 

e 




References. —1. Mitchell, Manual of Assaying, 1881, p. 546. 2, 4, and 5. Aaron, 

Assaying, Part I., San Francisco, 1889, pp. 65, 68, 62. 3. Percy, Metallurgy of Silver 

.and Gold, p. 245. 6. Furman, Manual of Practical Assaying, N.Y., 1893, p. 129. 7, 8, 

9, and 10. Author, 1889-1893. 

Remarhs. — a. Flour or nitre to be added according to proportion of sulphur present. 
h. Without previous roasting, c. After previous roasting, d. The proportion of flour 
varies according to the nature of the base -with lime and alumina one-tenth part is 
•sufficient, with all iron one-fourth part is required, and even more with ores containing 
manganese oxides, e. When thoroughly roasted to Feo 03 about part of flour is 
required for reduction. 

The crucibles should be heated up before use in the same ‘‘ nestsin 
the furnace which they will subsequently occupy during the fusion ; if taken 
•out with care they can, after charging, be replaced in the hot coke up to 
within an inch or two of the top without difficulty. It is important that 
the coke at the top of the fire be at a bright red heat, as otherwise the bottom 
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of the charge melting wliile lht‘ top is still cold will t*ll<‘rv«*sc*<\ and thrra will 
be danger of frothing ovca*.” 1die tdiariio slnmlti In* (•ti!nplt*h‘ly rnnlltHl 
in from twenty to thirty tuinutes, aftca- ulii«’h it is well to it ia thn 

tire for at least ten to twenty iniuuf«‘s helore taking it out, tapping, and 
pouring. The slag, if glassy and ho!uogent‘ous IhpIi in t(*\turo and colour, 
may be thrown away; otlnnavisc it must he p(»udrn'd, mixed with a litth^ 
more litharge and lead tlux, and renu'lPai. In the caise <if ail ores and pnaluctH 
containing over J(K) ozs. silvtu* or o ozs. gold per !<»n tin* >la!‘ sliould he reunited 
as described. 

The litharge or t(hI haul used must ah\a\s l>e te'.fed tor :il\er hy fusing 
4 A.T. with A.T. of Hour and I A,Ik eaeh of sodium earhouatc* and borax, 
the resulting lead button being seoritie«l down and eupelleil. am<UHit of 

silver found is deduet(‘d from the wtught ot the >.iKm’ be.nl obtaiurd. fatharg(!t 
always conltiins aai a.ppr(‘ciabl(‘ amoinit ot sil\er ; retl lead, bowe\er, is sonu*- 
times so pure as to show only the fiiinutesi trace from the I A/F. taken, heiu’ct 
its use is preferable. 

In (k)lorado, erueibh* assays ftu’ sihar and co!<l are oltm mad«* in tla^ 
mullle, the ((uaniity taken btung then \ A.T., as a larerr quant if \ eonld not 
well be fluxed without using a erueible too lar^e for the mutllf. \ mnnl list, 
of crucible ehargtxs on tin* rnufllc s\stcm ia ci\»m b\ Furman/ 

Copper onxs and furnace products are best ireaicd b\ fbe rqjfrial nieflnid 
which will l)(‘. dcscrihial for tin* assav of r-iker in copper matte. 

(hipclhliotL-'-ihiiH^h art^ ortliiiariiy made of lame a 4/m'oiiml to pass a 
40- to (Hbuuxsh sim’{\ and rmusteueil witli wafti\ to ubtcli a lilfle K.CC) is 
somedinuxs a.dd(Ml. Tiny must la* \er\ :-4»nU\ and carcfu!i\ driei! iahtire 
using, and should weigh a Htth* more Ilian the Irml but ton . wlueli thev arc 
to reccivex d’lny must be brought lo a bright red heat m ihi^ eloaial mutllc 
before' eduirgiug tlie‘ lead butttms, and immcdi.ilt4\ titi-: oper.ifmu i-- romphued 
the doe>r should he' nguin closed, atul not re opemal tiiild I In* aiirfan' of the 
melieel buiteins is sc'cn fi» becaunc !>rig!il. 14te teinpfraliire ia then reiudafea! 
so that the fumexs rise* la/.ily lo tin* midlle arcfi, a clottinv piece of t tuircoa! 
being semietime's placed in tin* nmiitli of tin* intillle -dituild it iippear tu be 
too cool in fre)nt. If tin* t<*mpcnifurt‘ be* too low ilirfr will be ml of tin* 
button'' freezing/'in wliic4i(aiso theacsii\ is iiiiia4iab!ix and mu/ be repeated : 
while, if toe) high, tin* xeilatilkntiou Itecx la minii iiiiie.ea*d. The !hch! rule* 
is probably that universally accepted amoni/ Aiiiericaii \va, to 

leave a distined; ring of feathery litluirg** « t/sfabi loiitni the etici- of the mtftcl, 
marking the area cove'rcd by the e»riyinal lead button. Bends of silve*r 
eupelled at this hexit idwa\s rclain sliglif traervi *ff lead, but the p/inv error 
thus intreieluced is much h‘ss tlian tiie minu^ In \ ol.diltnilioii (not ta 
Speak e)f the* nuu'li gn*att‘r loss by ciipid absorptioni, .-oj fha! a rough approxi¬ 
mation te) accuracy is obtaimai. 

The avtual melting point of litliitna* k a! out ICiif i\, but ctipelhif it»it ciiu 
be starteal a.t a temperature* of alioul Hdi i \ ; nnd, after cJartni!/, thi» tefii 
perature can be* reduced te) as h)tt a;4 from to Tbii , with a mui h lowm* 

volatilisatie)!! loss. 

Just be*fe)re the e*nd e)f the* feperatieui fin* liiilton a bright plav 

of colemrs, e-ausexl by the* foriiiatioii of very tlnn lilim'i of lulianf#*, imd at this 
point the deeor slieeuld be*, closeni <‘e)iiip|ete|\, tir the i iipef l■4^ouh^ be piihlicd 
Mtmual (ij i*mriimi K.W, iHiUl, p, |:i!t 
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'.back into the hottest part of the muffle and left there for a minute or two 
to expel the last traces of lead. It is then withdrawn gradually towards 
the front of the muffle to prevent loss by “ spitting or “ sprouting at the 
moment of solidification, and, if at all large, is best covered with another 
hot cupel upside down, so as to cool it as slowly as possible. 

The bead is removed from the cupel when cold by sharp-nosed pliers, 
and squeezed and brushed to remove adhering bone ash, if large enough; 
if too small, it is carefully picked up by fine forceps, placed on a blowpipe 
anvil and flattened by a blow from the light hammer, after which it is weighed 
on the assay balance to within -n- mg. Very minute beads are weighed on 
the gold assay balance, which is sensitive to within mg., corresponding 
to of an oz. gold on A.T. taken. 

During recent years substitutes for bone ash containing magnesia in 
various forms have come into general use, one being a mixture of magnesia 
•and magnesium borate. All the materials for the patent cupels made from 
these bone ash substitutes are ground finer than ordinary bone ash, and the 
cupels are formed under a higher pressure (generally hydraulic), so that 
-they are harder, heavier, and less porous, which tends to reduce the loss by 
absorption. Furthermore, the heat conductivity and the specific heat being 
both higher, and the mass of the cupel greater for a given bulk, the heat 
remains much more uniform during the process, so that although the muffle 
has to be raised to a slightly higher temperature before starting, the heat 
generated by the oxidation does not raise the temperature of the button 
so high, and consequently the cupellation throughout can be conducted at 
a more uniform and slightly lower degree of heat than with bone ash. For 
the same reason cooling takes place more slowly, and there is much less 
tendency to spitting. The great advantage of the patent cupel, however, 
is the much lower absorption loss. 

Parting .—The bead should be flattened before parting, and, if it does 
.not already contain at least two and a-half times as much silver as gold, 
.a small fragment of pure silver foil is added and fused together with the 
bead on a cupel by means of the blowpipe flame. 

Parting may be done either in a small f-inch test-tube, or in a porcelain 
crucible. The former method is preferable when the bead is large, owing 
to the danger of loss by projection when boiling a quantity of acid in a crucible ; 
but small beads are best parted in a crucible, because of the danger that 
particles of gold may stick to the sides of the test-tube and escape observation, 
^and because only one acid (of 1*20 sp. gr.) is required for small beads. Prac¬ 
tical experience shows that on the average more gold is obtained when parting 
is conducted in a crucible, perhaps because the nitrous acid formed escapes 
more freely, so that there is less danger of dissolving gold. Large beads 
are parted by boiling, first in acid of 1T6 specific gravity till apparently no 
more action takes place ; the acid is then carefully decanted ofl and replaced 
by acid of 1*27 specific gravity, with which boiling is continued for five 
minutes longer. The acid is then poured ofi and the gold washed twice 
with hot water, being allowed to settle very thoroughly * each time before 
decantation, after which the tube filled with water is inverted over a porcelain 
•crucible, which is then also filled with water, and, after tapping the tube 
JSL few times, it is allowed to stand for a minute or two. When no more 

* Stress must be laid upon this ; v. Ledoux, Trans. A.I.M.E., vol. xxiv., p. 873. 
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particles can be (lis(‘<^riit‘(l settliiiu thrtui'ili tie* water, tie* tulu* is reuiov(»(! 
and the water poured oit the Iasi drop.s beim: drawn up !>>' a eapillarv ^lasa 
tube, and tli(‘ erueiblt^ dri(*d on a hui plait*. WIk-u <|iuti‘ dry tlie ‘n^ld m 
ignited over a spirit lamp, or in tiie uiutlb*, and uetidied eu the neld l>alane(‘ 
to *01 mg., its W(‘ight btang sulUraetet! Irom tlial of the eouibiurd eokl aiul 
silver b(‘ad obtaim'd by eupelluliou to eel at ihf siher. 

Small beads may la* advaufayeou>*lv parted willi strong .Mdjdiurit^ 
aeid instea.(l of with nitrw. I'he «»pt*raiion is nnieb >!owt*r, but there is 
less risk of dissolving traces of eohb an«i the bisid ^ <iu m>f lu’eak up so 
badly. 

Assay oj t>Uujs far (utld and Siinr, At utHtiHu ^anelfine works defter- 
minations (d the* Hilv(*r in slag samples is n-ualh done Iwiee a day f(n* each 
furnace, the day and the night samples benn* denn* M*parali*!\, ami the tfuaiUilY 
taken for each assay being from ‘Jh eraUiine-H to I A.1k \ mHal niixiun* is 
that giv(‘n in column 0 of 1'able L\ I., ilte piianiifii-H td t!ii\ ifn-re menfitmed 
as sullieient for 2 tons of slug being redm ed In tnie halt it mih iju t'ramnH‘H 
or I A.T. b(* (d)(*rated upem, as is generaIh the raNC. 

For d(*t(*rnuiung gtdd the siher billion -, are allowri! to .i< ennnilafe for 
periods of from a \vt*ek to a moutin and are then « oiiiifed and parted in the 
usual wniy. As eadi button represents m> mm b wemlii o! a,lag, the total 
(fuantity of slag ta-ken eonasspondinv to ffn* wen*lit of ''old oliniined i-. emllv 
seen. Thus, to ({uoti* an aetnal example : 

Took 4tK) ImttouH, (*aeh oldained from i!ii |•r.tlll|lie ttf -lav, etpmls a tfjfal 
of 8 kilos, slag. \V(*ightHl ‘Jfib'kJ mm. epu.iF an .neram* of ptPlH grammcH 
Ag ])er metric ton, or tl’Tb oz. per 'diori ion. Ikirfed in a I'ninble gave a 
residue of 0*72 mg. gold, equaln tiiip eraiiiiiie mdil per niefrie ton 
•()()2tn iv/u Troy per short ton of alaif, :ai\ l| eraiita per tom or m cash 
value, say, 2|d. 

/l.v,SYl// of Mattv and adtrr Snlt^inurrs h*f Sihtt and iadd. At 

many smelting works tin* wmadlt-d ‘\dl lire " imihod i- btlhiwed. Tim 
sam])le is scorified dow'u with largn* f♦\erH*, ui {r.id in ten Iota ol A.T. eileh, 
collecting the hutfons m ftairh at tin* emb ami a*-e-,.;i\ima rp.inifidv tfie rupt*lH 
and slag of each pair. Tliis inethoi! gne'-s llie be-f rr'^ailtH- fur gold, liut 
higluT results for silver are immdlv i»t\en h\ ilo* .■■■o railed " wet " or com¬ 
bined method, which Ini.H bf*en in iim* lor imiin \eai at i opper work"i w fn*rc^ 
silver asHays liave to bt* made on rail topper oh-« amt ttirmiee products. 
Its most modern form m hh follows : 

lake*, from 1 to 2 A.T. of pii!\eim-5et| matte or Mipper bonnga, dissolve 
in i/m add in nitric acid free fiann rldoriiie and introii-H mi id, ii-niig HH) ran 
of aeid for C‘aeh A.T.mtihifed till jiii'd afroiiv I'lioneli to,fitfa»li the material 
(for copper borings I to 3|, for niafte I to Uli Thm beaker ‘dioidd be kept 
in (;old water, so as to k<*ep down the tioiiperafme iinfil •■solution is nearly 
c.om])lete, then heated to eomplete Hiilnfmm odtlima t a . of '^ronv fIN'tk, 
and passing a enrn'nt of air to eliniiiiutr luiritita a* nl h-h foiined, Ibluie to 
about litre, aild 2t)e,e. of a saturated aolntion of lead a* t'fafe, fhf*ii I gramme 
NaCl dissolvcHl in water; stir or sliaki* well, tlieii mid 2 r.r. *»f f-aimim ll.HOj, 
or, bett(*r, 5 grammes of di^^^adved in water; mix we!!, and'atlow to 

stand twelve hours. I>c*eaiit off tlie clear li*|imk filter off the precipitated 
Fb8(hj which will have enrried down with if nil the Agf1 imd fria* gold in 
Buspension, and wash it well with hot water, ph king mil aiiv globules o£ 
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siilplmr with a forceps. Bum these in a porcelain crucible, add the residue 
to the precipitate, carefully dry, and separate as completely as possible from 
the paper, which should be burnt at a low temperature either in a small 
scorifier or crucible. The ashes, together with the bulk of the dried precipi¬ 
tate, arc mixed in a small glass or porcelain mortar with either litharge or 
lead flux, according as the scorifier or the crucible is employed for reduction. 
If the former, a cover of borax is used, and the mixture melted and poured 
as usual. If the latter, the mixture is charged into a small crucible with 
a borax cover and an iron nail, and fused in the muffle like a lead assay. If 
the button is over 10 grammes in weight, or if hard from the presence of 
copper, it is scorified down (lead being added in the latter case), and the 
resulting button is cupelled and parted in the usual way. The hard part of 
the c.upel, together with the slag from the fusion of the precipitate and the 
scorifier slag, if anj, are pulverised, mixed with 2 parts lead flux, 2 parts 
borax glass, and I part litharge, and fused down in the same crucible. The 
button of lead is cupelled, and the silver obtained added to the original assay. 

Whitehead rec-ommends separating the gold before precipitating the 
silver, and using KBr instead of NaCl for this purpose, claiming that by 
the use of Na.Cl tliere is danger of dissolving gold through liberation of free 
chlorine. Experiments by Van Liew,t however, have proved that if the 
nitric*, acid is sulliciently dilute and the excess of NaCl only slight there is 
no risk of dissolving part of the gold. Whitehead's recommended method 
aiso reejuires two additions of lead acetate and sulphuric acid, two separate 
settlings of twelve liours ca.(*h, and two fusions and cupellations, one for the 
gold, and one for the silver. It is much more convenient to get both Au 
and Ag together in a single button after only twelve hours' settling, and 
this is the common ])ractice ; the use of KBr (or KI), however, is a decided 
improvement, as it obvia.tes the danger of losing gold through Cl set free, 
and gives somewhat higher results for Ag owing to the loss solubility of 
AgBr (Agl) than of AgCl in solutions of copper nitrate. It is best toj^perform 
the assay in diiplica,te from the beginning so as to get a check on both silver 
and gold. 

IjOSSOs of Silver in the Commercial Assay. —Whenever accurate 
rc'sults arc desired, it is necessary to take the whole of the slags produced 
in the assa-y (whetluu.* from crucible or scoritier, or both) together witli the 
hard portion of the cupel, and, after powdering, make a separate assay of 
th(^ mixture as of a. ba,8ic lead ore, adding some fluorspar to assist in melting 
tin* refractory bone ash. The lead button is ciipelled at a low temperature, 
a,ml the silver bc^ad obtained is added to the original assay. Where extreme 
accuracy is desired, it is even necessary to repeat the correction. The assays 
made at metaihirgical works for ascertaining the value of purchased ores, 
exf*ept those of very high value (and generally for all other purposes), are 
almost invariably direxi unconected assays ; hence, such establishments have 
a considerabhi margin to go upon, and the working results obtained appear 
to be more satisfac.tory than they really are. 

Some interesting researches, j however, show that the commercial assay 

* Chem. Ncavh, 1892, vol. Ixvi., p. 19. t M. J., April 28, 1900, p. 499. 

t Dewey, Journ. /Iwr.r. CheMi. Nor., 1804, vol. xvi., pp. 505 to 510 ; Stetcfelclt, 
Trcmn, A.LM.E., vol xxiv., pj). 530 to 538. Turman, ihid,, pp. 735 to 742 ; Ocmichen, 
Zeitschr. /. antjewandte OheMie, 1893, p. 723. 



472 


TIIIC MF/FALLUlua' OV I.FAP, 


for silver is even .more ina(U‘ur<iie ihan has ht‘e!i suppostul. For deiiails 
the student should consult the original papt^rs, hut it may he hri(41y statcal 
that of the three sources of error, viz. -(I) Loss from ahsorption by the 
cupel, (2) loss in the slags, and (d) loss hy volatilisation it is cicairly shown 
by Dewey that the first is generally by far the most iiuportant, the others 
following in the above order. Som(‘. of his ri‘sults an‘ givtai in d’ahh' LVIL, 
compared with similar results by St(deft‘itlt.'’‘ 

TABLE LVU. 






la u Kv. 


STKTKFKLCr. 

MatiTuil. 

\"n)n<' pri’ 

imncfH. 

Ml* * * § 

hn 

•tV'i ill Slu 
euiM*!. 

^ niul 

I Tot 111 Coffit'H. 




KiinKr i»f * . 

I.uvtr-i ' 

; UlUlKi' of 

Tailings,. 

t to 

2(t 

IK-O 

Hal 

13-7 

2 PH 

H-4 

Washed ori^,. 

ib 

3:> 

13*0 

Itco 

10*1 

, I0-7 

b1) 

Jtaw ore,. 


bO 

UPO 

b'O 

0*7 

to%s 

01) 

Roasted ori‘,. 

20 „ 

4 b 

12*0 

rco 

oo 

toil 

b*4 

Load carbonat(\s, .... 

aO „ 

ItlO 

b’l 

2 0 

3-.S 

4 -H 

2*0 

Base Kuli)hi(leH, .... 

1,000 :> 

,b(H> 

b*u 

l*H 

31) 

b-1 

2*2 

Regular ” Hulphides, . 

2.000 „ m 

.0011 

2-.S 

1*2 

I *7 

4-0 

P2 

Copper-silver bullion, 

0,000 : 



■0 

21) 


« 

Fine bullion (300*3 firu'), 

20,100 i 


J 

1 

to 


i 


The loss of gold in sla.g and cupel is much less than tliat of .diver, as sliown 
by the experiments of Miller and Fulton,f ^Hit in pra.i'tie(* tfio difTen*nr(‘s in 
commercial gold assayn are mueh larger in pn^portion, owing, no doubt, to 
errors of manipulation and to tJu‘ smaller cjuantity of metal operated upon. 
FurmanJ found losses in (upadling amounting to from l| to 7 per camt. of 
the silver, and 0 to 12 per eiuit. of the goh! ; he pLires flio average loss 
of silver at 2*58 per c*ent., which agreonn fairly utdl uit!^ the ncsults of 
] )e wey. 

On kad bullion ()emu:hen§ gives c-upelhition hnses varving from 5 to 
10 per cent, of the silver, and from 2 to 5 pn* wnt. of the ggdd ; iltdmanjl 
gives the loss on a pure 41 ozs. bullion as .1*5 pm* rmil. f»f the silver. In 
the cupellation of argentiherons eopp(*r and lead, hnual losses sm 

in Table LVlIl. 


* Loc. cit.^ ]). 537. 

"f vol. xvii., Jan. IHIH), p. lau. 

t Tmm. AJ.AIJJ., v<jI xxiv., p. 735 ; dna /A and ,}/, \5tv, 3, |H*i4. 

§ /jeMnehr, /. awnmandUi IH1I3, p. 723. 

II Tram. A.I.M.hl, vol. xxiv., p. HUH. 

1( Quoted by Rofman, Mdallurinf of Lmd, iHiil, p. 24‘J. 
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TABLE LVIII 


Material. 

Ozs. Ag, 

Charge Employed. 

Ratio of 
Ag to Pb 

1: 

Percentage 
Loss of Silver. 

])er ton. 

-Mgnns. Ag. 

Grins. PI). 

Copper, .... 

43-75 

10+10 Cu 

200 

12,000 

8-3 

Copper, .... 

583-32 

200+10 Cu 

160 

800 

4-5 

Lead,. 

43-75 

150 

100 

600 

2-5 

Bo.,. 

87-49 

150 

50 

300 

2*2 

Bo.,. 

218-74 

150 

20 

120 

2-0 

Bo.,. 

437-49 

150 

10 

60 

1*6 

Bo.,. 

874-98 

150 

5 

30 

0*9 

Bo.,. 

4,374-90 

150 

1 

6 

0*4 


Ledoux"^' found losses of 1*75 per cent, in assaying copper bars witli 
'92 ozs. of silver, and of 1T2 per cent, in the case of matte with 182 ozs. of 
jsilver. In direct scorification of black and blister copper containing from 
70 to 80 ozs. per ton with test lead the author has found uncorrected results 
to range from 5 to 8 per cent, lower than the assay by the combined wet 
nnd dry method above described, the chief source of loss in this case being 
no doubt the large amount of scorifier slag produced. 

Hookf gives the following table for losses of silver as determined by 
the recoveries from slags and cupels:— 


TABLE LIX. 


Silver in Ore Charge, 
Millignunmes. 

Loss per cent. j 

1 

Silver in Ore Charge, 
Milligrammes. 

Loss per cent. 

33*1 

2-23 : 

177-9 

1-29 

54-6 

1-86 

518-9 

0-86 

97-7 

1-61 

939-9 

0-72 

148-6 

1-48 

1648-9 

0-70 


It is to be supposed that in this case there was no large amount of copper 
or tellurium present. 

The experiments of Kauffman % show that not only is the cupel-absorption 
large in proportion as the quantity of silver present is small, but it also 
increases with increased weight of lead buttons to be cupelled away. Other 
•data in regard to cupel losses may be quoted as follows :— 

Beringer’s experiments,.Loss of 1'62 per cent. 

Mason and Bowman,. „ 1*99 „ 

H. R. Edmunds’,§. ,,2*18 „ 

The last-named author finds that the depth of the cupel appears to have 
an important effect on the speed of cupellation, shallow cupels being 20 per 
cent, quicker than deep ones, but it does not follow that the cupel absorption 
is necessarily greater, although that probably is the case. 

* Trans. A.I.M.E., vol. xxiv., p. 875. t ‘7-? March 28, 1908, p. 661. 

t E. and M, J., June 14, 1902, p. 829. § E. and M. J., Aug. 12, 1905, p. 245. 
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It should be noted that the percentage losses through cupel absorption 
above quoted have all been determined when employing quantities of silver 
largely in excess of those commonly obtained as the result of ordinary assays. 
Seeing that tlie cupel absorption does not depend entirely upon the quantity 
of silver present, but to a much greater extent upon the quantity of lead 
to be cupelled away, it seems probable that upon any such quantities of 
silver as are ordinarily handled in the form of assay buttons from ore assays- 
the losses range from 5 to 6 per cent, on the quantity present. 

ANALYSES OF ORES AND SLAGS.'*' 

The methods employed in smelting works for the analyses of ores and 
slags must be fairly accurate and, at the same time, rapid, for otherwise 
it becomes impossible to get analyses done within twenty-four hours after 
taking the sample, as should always be the case. Particularly as regards- 
slags is rapidity of vital importance, for the removal of some trouble connected 
with the working of the furnace frequently depends on ascertaining the com¬ 
position of the slag being produced, and in this case a slag analysis to be 
of any use should be completed within a couple of hours or so. In order 
to secure such rapidity it is important to be able to decompose the slag with 
acid quickly and completely without a preliminary fusion. This can be 
always done, provided the slag sample is in a vitreous condition and very 
finely pulverised. Slag samples should be always taken by inserting an 
iron rod or small ladle into the potful of molten slag several inches deep, 
removing, and instantly plunging into a deep vessel of cold water, by which 
means the silicates are prevented from crystallising and remain in the unstable 
vitreous condition. The final sample of 30 to 50 grammes should always- 
pass a 120-mesh sieve, and the portion of a few grammes which is to be weighed 
out for analysis should be finely ground in an agate mortar. If this be done 
all lead slags and most lead and silver ores will be completely decomposed 
by boiling in HCl for a few minutes. Another essential condition of rapidity 
is the use of the smallest possible quantity of water and reagents. 

The case of an easily decomposed ore or slag will first be considered :— 

First Portion for FeO .—Weigh gramme of slag finely ground in agate- 
mortar, mix in porcelain casserole with 20 c.c. boiling water, add 15 c.c. 
strong HCl, stir well, boil till all action ceases, then adopt one of the following 
procedures :— 

1. Add 5 drops saturated SnCl.j solution, allow to cool; when cold add 
15 c.c. of HgCl 2 solution to peroxidise any excess of tin, and titrate with 
KoCroO^, using potassium ferricyanide as an indicator. 

2. Add granulated zinc in excess to reduce the iron, run the solution 
through a small filter, add a few c.c. of H^SO^, dilute, and titrate with per¬ 
manganate solution. 

The second method is considered more convenient, but is less accurate 
unless the same quantity of HCl be used in standardising the permanganate, 
when it gives results which are sufficiently accurate for smelter purposes. 

This method of dissolving slags in HCl without oxidising agent has the 
advantage of showing at once if there is any ferric oxide in the slag by the 

* V. Euman, Manual of Practical Assaying, N.Y., 1893, p. 79-]; also Argali, Wester'n 
Mill and Smelter Methods of Analysis, Denver, 1905. 
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yellow colonx produced in tlie solution in that case ; when it occurs, this 
is usually an indication of insufficient reduction, and is, therefore, important. 

Second Portion for Silica {Insoluble) plus BaSO^ and CaO. —^Weigh ^ gramme 
ground in agate mortar as above, mix in porcelain casserole with 2 c.c. water 
and a pinch of KCIO.^; add 5 c.c. strong HCl, and stir well, then add 3 c.c. 
strong boil till all action apparently ceases, and add a few drops 

of H 0 SO 4 . Evaporate to dryness, ignite gently, cool, boil out with 50 c.c, 
of water and 10 drops of H 0 SO 4 , filter, and wash several times with hot water. 
Digest the residue with ammonium acetate several times (this filtrate and 
washings should be saved separately, and will serve for a check wet assay 
for lead by the molybdate method already described). Wash the residue 
with two drops of ammonia water, and again with hot water, dry, ignite, 
and weigh SiOo + BaSO.^. If much of the latter be present, it must be 
determined by fusion with alkaline carbonate as described below, or the 
ignited precipitate may be evaporated down twice with HE to eliminate 
SiOo, any residue being BaSO^ and insoluble silicates. 

Boil the filtrate, make alkaline with AmHO, add 5 c.c. AmHO in excess- 
(to ensure the formation of sufficient oxalate to keep MgO in solution), then 
add a saturated solution of oxalic acid till the precipitate of ferric hydrate 
just redissolves on boiling. Boil for a minute or two, filter, and wash the 
precipitate on the filter several times with boiling water. Pierce the filter, 
wash the oxalate of lime into a 4-oz. flask with a jet of boiling water, pour 
5 c.c. of dilute H 0 SO 4 over the filter, and wash it all down into the flask, 
heat to boiling, and titrate immediately with standard permanganate solu¬ 
tion, the standard for CaO being one-half of that for Fe. 

A sample of readily decomposed ore or a slag can be easily analysed 
roughly for SiOo, BaSO.j, FeO, and CaO in from one and a-half to two hours. 

According to XJlke,* lime can be separately determined in a slag sample- 
in twenty minutes by the following method:—Dissolve i gramme in 30 (*.c. 
hot water and 6 c.c. nitric acid, agitating steadily to prevent adherence, 
dilute to 150 c.c., add 1 drop KjSO^ to precipitate any barium, and boil. 
Add ammonia drop by drop to approximate neutralisation, the solution 
becoming deep red, but no iron being actually precipitated. Add 3 grammes 
ammonium oxalate, cover, boil for three minutes, filter through a No. 597 
filter, wash with hot water, then once with ammonia water and twice with 
hot water, then once with ammonia water and twice more with hot water, 
and titrate as usual with permanganate. 

Ores containing Insoluble Silicates and much BaSO.,.—Take 1 gramme 
ore or i gramme slag, decompose with HCl, HNO.j, and H.BO 4 , evaporate to- 
dryness and digest the residue with ammonium acetate to dissolve out lead 
sulphate, exactly as in the first method, after filtering off the soluble sulphates. 
Dry the residue and fuse either in a platinum crucible with NaoCO.j or in a 
large silver crucible with KHO for thirty minutes, disintegrate the fused mass 
in water, boil, filter, and wash well. Tlie filtrate containing alkaline silicate 
may be evaporated to dryness twice with HCl and the residual SiOo filtered 
off, dried, ignited, and weighed ; or, if the silica has been determined on a 
separate portion, this filtrate may be thrown away. Dissolve out the residue 
in 3 c.c. HCl and 10 c.c. water, boil, reprecipitate with a few drops of H^SO.,,. 
filter, wash, dry, ignite, and weigh the BaSO^i. The HCl filtrate from the 
* E. and M. J., Feb. 10, 1900 ; Min. Ind., 1900, vol. ix., p. 442. 
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BaS 04 contains the AL 20 ; 3 , CaO, and other bases of the insoluble silicates; 
it may either be added to the first acid filtrate from the decomposition of the 
ore or the bases may be determined in it separately. 

Akmiina and onagnesia may be determined in any of the foregoing portions 
by ordinary gravimetric methods. 

Zinc ,—^Dissolve a separate portion of 1 gramme, remove the SiO^ and 
Pb as above, peroxidise with KCIO 3 , add large excess of AmCl and AmHO, 
filter at once, and titrate the zinc in the cold filtrate slightly acidified with 
HCl by means of standard ferrocyanide solution, using uranium acetate as 
the indicator and pure ZnO for standardisation. With ores containing 
much iron the results are always low, owing to the obstinate retention of 
Zn by the iron precipitate, and for anything like accurate results the hydrate 
precipitate should be redissolved in a considerable quantity of HCl and 
reprecipitated, using large excess of ammonia. The separation of iron as 
basic acetate is more complete, but in that case the zinc cannot be directly 
titrated in the filtrate. 

A rapid and satisfactory way of determining zinc and lead in a single 
portion is the following :— 

Dissolve J gramme ore in 10 c.c. of 1 to 3 HoSO^ and 5 c.c. strong HNO.^, 
boil down in a porcelain capsule till strong fumes of SO 3 are given off, cool, 
dilute to about 40 c.c., filter ofi the PbS 04 and insoluble matter, from which 
the former is dissolved by am. acetate and titrated as usual with molybdate. 
To the filtrate add 200 grains potassium bitartrate, a slight excess of AmHO, 
but only to feeble alkalinity, and dilute to about 250 c.c., adding also a little 
PeoCl (5 (unless the ore contains 10 per cent, of iron or upwards). Titrate 
with ferrocyanide, using as indicator glacial acetic acid spotted on a plate, 
the end reaction, which is a sharp one, being indicated by formation of 
Prussian blue. The reaction differs from that which takes place in an acid 
.solution, but appears to be quite uniform, and pure zinc oxide is used for 
standardisation. The standard solution is made by dissolving 46 grammes 
of the salt in 1 litre of water, and for standardising 12*461 grammes ZnO is 
dissolved in dilute HCl and made up to 1 litre. Of this solution 10 c.c. 
mixed with 5 grammes potassium tartrate, a few drops of PcoCl,;, ammonia 
to feeble alkalinity, and water to 250 c.c. should take 10 c.c. of the ferro- 
•cyanide solution. fe,r' 

Manganiferous ores and slags should be dissolved in HNO .5 alone, evap¬ 
orated to dryness and taken up with HNO 3 and KClOo. Then filter oS the 
insoluble matter, oxides of Fe and Mn, &c., through glass wool, wash with 
dilute HNO 3 , dilute, and proceed as above. 

Manganese is best determined in a separate portion of 1 gramme by 
Volhard's method, using sulphuric acid in the evaporation to separate Pb 
and Ba with the SiO^, and then precipitating Fe.^O.^, ALO 3 , &c., from the 
filtrate by means of an emulsion of zinc oxide in excess in a graduated |-litre 
flask, the contents of which are then brought up to the mark with distilled 
water, and after thorough shaking allowed to settle. When the supernatant 
liquid is practically clear, 100 c.c. are, by means of a pipette, transferred 
to an 8 -oz. flask, brought to a boil and titrated with standard permanganate, 
the standard of the solution for Mn being 0*2964 of its standard for Fe. The 
error introduced by the volume of the precipitate of ferric hydrate with 
excess of zinc oxide may be usually disregarded, but, if necessary, a correction 
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may be applied by weighing the precipitates from several determinations- 
after washing, drying, and igniting, and calculating the volume of solution 
displaced. 

Coffer may be determined either by the battery, by the iodide method, 
or by cyanide ; in either case it should be first separated from the solution 
by precipitation with Zn (Al) or with sodium hyposulphite in a boiling acid 
solution. The electrolytic and iodide methods are preferable for high-grade 
copper products, but, according to the author's experience, no method gives- 
more accurate results on low-grade ores than titrating against a ‘‘ check " 
with cyanide, after previous precipitation with pure Zn or Al, or as Cu,,S' 
with hyposulphite. 

Arsenic is best determined by Pearce's method.*)* The arsenic is pre¬ 
cipitated as sulphide or as ferric arseniate, converted into alkaline arseniate 
by fusion with KNO.^ and NaoCO.;, and precipitated as AgAsO.^, which may 
be cither reduced to Ag by a scorification assay and calculated back, or deter¬ 
mined direct by solution in dilute HNO.j and titration with standard solution 
of ammonium sulphocyanate after addition of ammonio-ferric sulphate tO' 
serve as indicator. 

Sulphur is determined by ordinary methods, weighing as BaSO.j. One 
method is as follows 

Take 1 gramme, add 10 c.c. of a saturated solution of KClO.j in HNO.., 
allow to act for fifteen minutes in the cold, then evaporate to dryness, take' 
up in 10 c.c. HCl and 10 c.c. water and boil. Add 20 c.c. AmliO and 5 c.c. 
hydrogen peroxide, and filter off lead and iron. Well wash with hot water, 
acidify, filtrate with HCl, boil well, add J gramme BaCL in solution. Allow 
to settle, filter, wa,sh, and ignite ppt. of BaSO^. 

The lies method (fusion with caustic potash in a silver dish) also gives- 
accurate results, and is perhaps somewhat quicker. 

A simple method of ascertaining roughly the amount of sulphur contained 
in a given ore is by determining the amount of matte formed on melting it 
with carbon, borax glass, and iron. Five grammes of ore are mixed with' 
15 grammes of borax glass and 3 grammes of charcoal, and two nails are added. 
The mixture is them melted down in a hot fire for fifteen minutes, taken out, 
and poured, aftt^r removing the nails. The button of matte produced is, 
when cold, ca.refully removed from the slag (and from the lead button, if 
any), and w’eigh(‘.d. With copper-free ores it may be reckoned at 30 per' 
cent. S, but with ores containing much copper or arsenic it is better reckoned 
as 25 p(‘r cent. B. In any ease the method gives only a rough approximation, 
but it is sometimes useful in w^orks' laboratories which are pressed for time, 
because it can be carric'.d out by an unskilled helper, and the determination 
of S by this mc^ans, in ores containing not too much As, is generally near 
enough for charge-mixing purposes, as well as for checking the work done 
in the roasting departmemt. The amount of matte produced in the blast¬ 
furnace is, of course, always less than is indicated by the above assay. 

* V. Torroy & Eaton, E. mid M. «/., May 9, June 0, Juno 27,1885; also Low, Vroc, 
Colo. Set. Soc.f vol. i., pp. 17, (>9; looters, Modern Copper Smelting, 1895, pp. H-Of) 
Bcringcr, Text-book of Asmgmg, 1900, &o. t Troc. Colo. Sci. Soc., vol. i. 
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THE TREATMENT OF ZINC-LEAD SULPHIDES. 

Eeference lias been made in Chapters vii. and ix. to the difficulty of treating, 
"by the ordinary roast and reduction process, sucli argentiferous lead ores as 
contain 20 per cent, and upwards of zinc, except by diluting or smothering 
them with an admixture of purer ores. The object of almost all attempts 
at treating such material has been to remove the zinc in solution, so as to 
•smelt the plumbiferous residue more easily and with less loss. 

Concentration.—But few zinc-lead sulphide ores contain galena and 
blende so intimately mixed as to put them entirely beyond the reach of 
ordinary dressing processes to separate a notable proportion of the galena 
in a condition suitable for smelting- Concentration, therefore, should usually 
be the first step in the treatment of such ores ; unfortunately, however, 
not only is a large amount of “ middlings '' produced, which it is quite beyond 
the power of ordinary dressing machinery to separate, but there is a great 
loss of both lead and silver in fine slimes, the whole of which have, therefore, 
to be carefully settled and collected for smelting. 

The subject of ore-dressing in general does not fall within the scope of 
a treatise on Metallurgy, and reference should be made to standard works 
•on the subject,* but the practice at Broken Hill is so peculiar and influences 
to such an extent the subsequent metallurgical practice in that important 
•district as to warrant a short reference here. All the Broken Hill dressing 
plants have been recently much altered, and the following remarks refer 
to their present condition. 

The plant of the Broken Hill Froprietanj Company f consists of two 
•separate mills, each of 6,000 tons per week capacity. The ore, having been 
already crushed to to 2-inch size in an independent crushing plant, is fed 
horn the bins in each mill by means of a roller feeder direct into the coarse 
rolls (3 sets), from which it passes to shaking screens with -.j% holes. The 
through size goes to the jigs, the over-size to a travelling belt discharging 
into an elevator, which raises it to bins over the three sets of medium rolls 
.set at J inch and running at 45 revolutions per minute. Again the through 
size from the shaking screens which follow these rolls goes to the jigs, while 
the over-size is elevated to the three sets of fine rolls set at yV i^^h apart and 
running at 78 revolutions per minute, the over-size from which goes to No. 5 
Krupp ball mills for wet grinding. 

The crushed ore passes through upward-current cone-separators, which 
•eliminate slimes for the slime department, and the discharge passes to the 
May double-plunger 5-compartment jigs, yielding in the first two compart¬ 
ments 60 per cent, lead concentrates, in the third and fourth a middle product 
with 10 per cent. Pb, 19 per cent. Zn, and 10 ozs. of silver, and in the last 
* Amongst which special reference should be made to the great work by Eichards. 
t Delprat, Trans. Aust. 1907, xii, pp. 1-29. 
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•tailings with 3 to 4. per cent. lead. The discharge -from these jigs is continuous 
through spigots, and tlie concentrates run into draining bins, whence they 
are loaded into railway trucks. The tailings are also drained in bins before 
being trammed to tailings heaps. The middle product is run into No. 4 
Ball mills with ;jh-ineh slot screens, and the discharge is elevated into 4-com¬ 
partment fine jigs atter separation of slimes as before. The fine jigs make 
•concentrates with Pb 40 per cent., Zn 13 per cent., and Ag 22 ozs. per ton ; 
middlings with Pb 9 per cent., Zn 18 per cent., and Ag ]0 ozs. per ton; and 
tailings with Pb 51- per cent., Zn 18 per cent., and Ag 8 ozs. The concen¬ 
trates, middlings, and tailings from these jigs are handled in the same way 
as those from the (a)arse jigs. 

Tlie “ slimes'' from all the slime separators pass into V-boxes or Spitz- 
kasten separators, where they are classified into coarse and fine slimes. The 
coarser size goes to Wilfiey tables, the middlings from the first set of which 
pass to a second set. The finer slimes go to two sets of Liihrig vanners. 
The concentrates from tables and vanners all pass automatically to con- 
i'.entrate bins, and the tailings to bins, from which they are removed to 
the zinc-treatment plant. 

During the various operations of crushing and grinding no less than 
12 per cent, by weight of the ore is converted into a true slime, which con¬ 
tains Pb 18 per c.ent., and Ag 17 ozs. per ton. This is separately collected, 
and its treatment has been described in Chapter v. 

The recovery of lead at this plant is as follows Coarse jigs 47*5 per cent., 
fine ditto 13*5 per c.ent., Wilfley's 3*15 per cent., Liihxig vanners 3*15 per 
<‘ent.—total, (57*3 p(T cent. Tlie quantities treated per hour per machine 
are as -followsl)()ii})lc coarse jigs tons, double fine jigs tons, Wilfiey 
tables J ton, single belt Liihrig vanmTs I ton. The average composition of 
the final products is as follows 


1 I Per cent. IM). 

Per cent. Zn. 

Ozs. Ap;. 
per ton. 

Ixnul couc<uitrai<^s (avcragiq, .... 

55 

10 

2() 

Jig tailiiigH,. 

Table and vamn^r lailingM,. 

4 

12 

5 

5 

17 

8 1 

81im<5H,. 

i " 

17 

17 


The plant of the />. //. Block 10 C'o.*** consists of four independent units, 
Ixisides two auxiliary units for retreating the tailings from the four main 
units whenever tlu‘ ])ri(*,(i of metals is high enough to show a sufficient margin 
over the additional working (*.<)sts. The ore is crushed at the shaft to l|-inch 
size, and carried to the mill by an aerial ropeway. Each nnit comprises, 
first, a shalving H(‘r(‘en with 3 mm. punched holes fed by rollers, th,c over-size 
from which gives to a set of rolls 30 inches in diameter by 15 inches face 
run at M rc^voluiions ])er minute, tlic maximum (*.apacity of which is 
1,000 tons ])er we(‘.k. The crushed ore is run through two trommels, 
<) f(a^t long with J-incli holes, and the over-size is returned to the same rolls, 
•experiments with two sets of rolls in tandem not having reduced the 
production of slimci sufficiently to justify the extra power cost. 

* Williamn, B. and 31. J., May 8, 1909, p. 939. 
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The through size from the trommels passes over a small conical separator 
to eliminate slimes, and the discharge passes to a double-compartment coarse 
jig, the first two compartments of which yield concentrates, while the third 
and fourth yield middlings, which are elevated to a No. 4 Krupp ball mil! 
that grinds 4 or 5 tons per hour to pass a The reground pulp passes- 

to a small cone separator, sending a discharge to a double-compartment fine 
jig and an overflow to a Wilfley table. The tailings and slimes from this table, 
together with the overflow from the cone separator, go to slime thickeners. 

The fine jig produces concentrates from the first two compartments, 
middlings from the third and fourth compartments, which are elevated and 
returned to the Krupp regrinding mill, and tailings which are elevated to- 
two 5-foot Forwood-Down grinding pans. The product from these is con¬ 
centrated on two Card tables, yielding concentrates, tailings to waste, and 
middlings which go to a Spitzkasten A; the discharge from this goes tO' 
two single-belt slimes" vanners that also yield concentrates to bins, tailings- 
to waste, and middlings, the latter going to the “ vanner extension"" plant. 

The slimes" plant receives fine sands and slimes from the “ thickeners/"' 
and is common to the whole four units; the overflow from the thickeners, 
after passing through a sump which receives all wash and clear overflow 
waters, is sent through V settlers and returned to the rolls. The discharge 
from the thickeners is still further thickened in four Spitzkasten, fed equally 
from a distributing box, and the charge is distributed to ten Card tables,, 
yielding concentrates to bins, tailings to V settlers, and middlings; those 
from six tables going to Spitzkasten A, and those from the other four tables, 
after passing a single Card table, to the “vanner extension"" plant. All 
slimes from the V settlers are collected in a sump, and pumped to a “ re¬ 
treatment plant,"" comprising four Wilfleys and five vanners. The middlings- 
from the “ retreatment plant"" go to the “ vanner extension"" plant, com¬ 
prising a series of V settlers, four Spitzkasten, nine single-belt vanners, and 
one card table. 

Strict check is kept upon the weight and assay value of the products- 
from the two auxiliary plants (“ retreatment"" and “ vanner extension "") in 
order to be able to suspend operations in them immediately the price of lead 
falls of! to a point which renders them unremunerative. 

The following figures show the proportionate quantities and assay values 
of the products of the mill for the half-year ending March 31, 1908, during 
which period 67,054 long tons of ore were put through:— 


Product. 

Percentapie 
by Weight. 

Lead, 

Per cent. 

Zinc, 

Per cent. 

Silver, 

Ozs. per ton. 

Concentrates,. 

17*5 

61*2 

9*4 

32*4 

Jig tails,. 

28*9 

3*7 

15*4 

6*7 

Vanner tails,. 

10*7 

6*2 

24*2 

11*0 

Jig middlings,. 

2-0 

0*6 

23*0 

10*5 

Wilfley tails,. 

1-6 

5*4 

18*8 

9-1 

Wilfley extension tails, 

2-5 

5*0 

22*0 

9*4 

Reground tails,. 

22-3 

3*6 

23*3 

8*1 

Slimes,. 

14-5 

10*2 

24*2 

14*6 

Original ore, 

1 

100*0 

15*1 

18*7 

13*7 
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The recovery in concentrates was 72*1 per cent, lead, 46*6 per cent, silver ; 
the total cost of dressing 6s. 3d. per long ton. 

Treatment of Mixed Ores and Middlings Low in Lead. —^Upon 
simple inspection of the assay composition of the products from the Broken 
Hill mills, it appears that the jig tailings, which contain about 4 per cent. 
Pb and 12 to 15 per cent. Zn as sulphides, the remainder being gangue, should 
be amenable to further mechanical concentration, and it is in fact these 
which are chiefly the object of the flotation processes described in the following 
chapter. The jig middlings and vanner and table tailings, which contain 
5 to 6 per cent, lead and 17 to 24 per cent, zinc with 8 to 11 ozs. of silver per 
ton, are similar in composition to a variety of natural ores, which also are 
not amenable to a preliminary concentration for partial recovery of lead. 

The number of processes suggested for treating such ores, and separating 
the zinc from the lead contents, is large indeed,* but only those need be 
mentioned here which have shown some approach to commercial practic¬ 
ability. They may be conveniently grouped under the following heads, 
viz.:— 

A. Volatilisation and other dry methods. 

B. Solution and precipitation methods. 

C. Electrolytic methods. 

Flotation processes chiefly And their held in separating the valuable 
sulphides in such mixed ores from the gangue, and will be described in^a 
separate chapter. 


A. VOLATILISATION AND OTHER DRY METHODS. 

1. Distillation in Retorts.—The roasted ore, mixed with anthracite 
as reducing agent, is charged into vertical or inclined retorts exactly as in 
ordinary zinc smelting, and distilled upwards, leaving lead and other metals 
in the residue. This method is adopted on quite a considerable scale at 
various places in Germany and Belgium, but the retorts are badly attacked 
by the lead, and the method is too costly in this respect, as well as in regard 
to labour and fuel for adoption at most smelting centres, such as those of 
the United States, Mexico, and Australia. 

The Sulman and Picard f distillation process can be carried out upon 
mixed lead-zinc ore carrying so high a percentage of lead as to be almost 
impossible to work in the ordinary way, owing to slagging the retorts. 

The well-roasted ore is mixed with about 20 per cent, by weight of crushed 
coking coal, and the mixture is briquetted, using 5 per cent, pitch as a binder. 
The briquettes are of suitable shape to fit the retorts, each of which takes 
fifteen briquettes. Distillation is conducted in the ordinary way, though 
at a somewhat lower temperature, and takes no more than the normal time. 
In consequence of the lower temperature, but little lead is volatilised, and 
the zinc is of unusually high purity (viz., 99 per cent, or over); the lead, 
of course, is reduced to metal, but is completely enclosed in the pores of the 
coherent mass of coke formed by the destructive distillation of the coal 

* See the successive volumes of the Mineral Industry^ under the head of “ Zinc,” 
where short descriptions will be found of most of the methods suggested. 

t Trans. Inst. Min. Met, vol. x., 1901-02, p. 432. 
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THK MKTALLriU;Y iW I.EAI^ 


and of the pitch imnl an hiiulcr. that flu* rriurt-^ ar** not aficrtcd. The 
total coat of In’hjuettinp,*- viz,, :is.^ ItHl. prr lo!i an .nidition to tht* (ordinary 
cost of zinc ameitin^ ; a.uaiust fliia, hottr\t*r, max !n* sot mhiiv saviu *4 of time 
in charging, aoiue additional prior oiitainaldc for thr purer prodit(’t, and 
the advantageouH condithm of tlu' rc'Oilurs for ‘ 4 i!»>.ei|uriit trratmont by 
smelting. 

2. Distillation in Blast Pta'nu(*os. Maiiv inu-uiimforN liavo attempted 
to utilise comnienially the Idast ftirnace as mi appliaiii-e for zinc 

but the great (lifliculty in the \va\ <if all MU'h .ifiniipfi i* the fart that at 
a high teinperatun^ tht* rt‘Vrrsr n*artii»ii 

7di I ro y.ie* .. i^iK 

comes into play, even whvii the prttpiuiitm of PtJ in fhe I'urreiU of gimcs 
is very much less than tiiut t»f I’tt m i,u t, afrordm- tu LriPMiirhaz,* when 
it is only Of) ]H‘r cent. <d the gas rni|»h»^t‘d. //nrpel’s plan t is in prepare 
and rcdue.a the charge in a chwt**! rrttui, ni w tiedi I part roasted zinr, purtn 
of coal, and 0*05 part td tiuickliim* art* hrafrd, and sulr,,o|iiriifd\ allowed to 
cool without admisHion of air, 11 it* ridosl masa m liirii idiaryed into a hln^i 
furnace with closed thritaf, the tuiM-s froni wlnili ate <irawii «iff bv mriins 
of a (mntrifugal fan at IJMM) to rr\olufioiri pi-r mmuti\ pushing on 

their way through a hmg iron pipe, in wliirh fhrv i oo! down to :iti i\ ‘ The 
zinc fume in the cooled gane^ is bv tbr ♦ rfifrifiii.sil turn* dwrii ligainsf the 
fan casing, and ho agglonierafetl ami i oiiiparird fiiai if falbi off ^ rloml 
hopper below as a fairly dense zinc dii 4, wlie !i» an br drawn from the hopper 
into bags, while the particles tm> tim* to Miutir ,irr * aiivbt m a bag house. 
The fume is stated to contain 17, to Pti prr «riif, 7m, and lt\ nirans of a 
bricpietting machine f’iin lie cauiiprea'ird wifb a ’Uimll *|ii 4 iiiii v tif tinrl\ tlivhled 
carbon into blocks suitable bir retortme. and -.o virldine 4 pur^ spelter; 
while the residue witii II 1 > per mil, of Siii , pt-r rriil, l«V f)„, tef> per 
cent (JaO, 33*G per cent, Zii, H'l per rnit. .iml I tip pn* |.|.|||‘ 
returned to the Idiist furniwe. The prot 4oi-i imi appear to huve been 
<‘.arricd out on a contmerciitl «’idr. 

Lungwitzl proposed to romliirf tbr siiodiing opcrainui in the blimt 
furnace under a pressure of IIMi lbs. firr miiian* im b, m onlrr tu rake the 
boiling point of zinc above tin* triiij»i*ratiirf^ of ib#* br.iifb, ami mt prevent 
the reduced zinc from boiling off as fust as forimal. A liiriiarr on tlik pniiiiple 
3 feet in diameter at the tiiyeren, f) fret h mrkm at tiir bo’ib. antf :iii fret high, 
was erected at Warren (MJI.) in Itfub. Tim mtm vapour, wbirlt <‘oiiilen 8 es 
in the upper and cooler portion flir fiiriiarr, prfrobiii'it down in droplets 
to the hearth, aet'ornpanied bv itn* trail pr*-iriif in ibr ofr, %%ddr|i leumw to 
have an important effert in retiiriliiii,| tli«» rr vaporisation of iftr zinc, so tluit 
an alloy of lead and zim* rcdhu’tii in tftr liriirilu briiiv pr*ii**ftrti fioinewdint 
from the high temperature of^tfie fiitpdt 4 ng zoiir bv tlm bi%rr of Aig iihiive 
it, and can be tapped oil at inierviibi. Tin* rtilriri|iiriit ’«*pariition of lend 
from zinc is conduc^tetl !»y ordinarv iniUJioite (t'otiling atiii droAS’img regiirtls 
the lead; redistillation as ti*gard< t!ir ziiie|. TIp* inrtlioti, liowever,' has 
not yet proved comiiiercdnlly iiurrea^iful 

* Mtm, Imjm, t'usk, teii, w, AtlH, 
f M. iHtia, Km, 41 mitti 42* 

i M, and M. J.. Aiinl iIm i«*#i 
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3. The Bartlett Process.*—This process, in successful work for many 
years at Canon City, Colorado, aims at volatilising all the lead and part of 
the zinc contents of mixed sulphides, which are marketed in the form of a 
p)igment, and then smelting the residues in order to concentrate their copper 
.and precious metal contents in the form of a matte. The ores treated by the 
process are those which, on account of their high zinc contents, axe penalised 
by ordinary lead smelters, and comparatively low in silver, because, the object 
being to volatilise lead as well as zinc, a considerable percentage of the silver 
•contents also is volatilised with those metals, and so lost. The ores which 
•contain upwards of 20 per cent, zinc go through a sintering or “ blowing-up 
process before being smelted; such as contain less than 20 per cent, zinc 
•are smelted direct in the blast furnace, together with the sintered residues 
from the other furnace. 

The hlowing-u'p furnace is shown in Fig. 303, in which A is the ashpit, 
B the troughed and perforated grate, 6 feet long by 3 feet 6 inches wide, 
<j and D the ashpit- and working-doors respectively, E the charge-pockets, 
F the flue, and G a row of hollow cast-iron perforated columns, which serve 
to support the roof, while acting as tuyeres 
.and supplying heated air above the grate 
for oxidation of the volatile matters. 

The ore is crushed through a screen with 
|-inch mesh, mixed with 15 to 20 per cent, 
of moistened slack coal, and charged into the 
pockets, in the lower part of which above 
the columns it becomes heated and the coal 
becomes coked. The clinker from the charge 
having been removed through the working 

door, the new charge which runs down from ^ i ( i i i_ 

the pockets between the perforated columns '-j-^^ J_l„ 

is spread over the grate to an even depth ^ 

•of about 6 inches, the blast is turned on, 

.and a new charge is thrown into the pockets 

to warm up. The blast enters below the grate under a pressure of 4 to 8 ozs., 
and passes both through the grate and above it through the perforations 
in the hollow columns, ensuring perfect oxidation of the volatilised fumes. 
Each charge weighs about 500 lbs., and is completely agglomerated, and has 
its zinc contents scorified or volatilised in from twenty to forty minutes, the 
average being thirty minutes, and the total output of each furnace 6 tons 
per twenty-four hours. Complete expulsion of the sulphur is by no means 
aimed at, since sufficient must be always left to form a matte in the subsequent 
^smelting operation, and to protect the silver from volatilisation, which is 
considerable, in presence of much As, Sb, Se, or Te; but comparatively 
little in the absence of these elements. The roasted ore is generally converted 
into a solid clinker, any portions not completely agglomerated being returned 
to the next charge. Its composition varies greatly, as shown by the fol¬ 
lowing figures Si02 (insoluble) 27| to 30J per cent., FeO 36 to 50 per cent., 
Zn 10 to 19 per cent., S to lOJ per cent., Cu 0 to 2 per cent., C about 3 per 

* Colo. S. Sch. of Mine, Scient. Quarterly, vol. ii.. No. 1, p. 1; JE. and M. J., Oct. 7 
.and Dec. 9, 1893; May 23, June 20, and Aug. 22,1896; and Hofman, Metallurgy of 
Lead, 1906, pp, 139-148. 
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cent., Pb less than 1 per cent. The fumes from the blowing-up furnaces 
are sent to a bag-bouse, together with those from the blast furnace next 
to be described. 

The blast furnace used for smelting the clinker from the blowing-up furnace, 
together with a certain amount of coppery and other sulphide ores, is of 
peculiar construction, and is shown in Pigs. 304 and 305. It measures 36 
mches by 108 inches at tuyeres, but the height of charge columns in the centre 
IS oiHy about 12 inches, and even at the sides does not exceed 30 inches. In 
the Pigs., A is the base or filled-up crucible of the furnace, B are the highly 
inclined water jackets, C is the wind chest, which is continuous along each 
side of the furnace, and from which the blast passes through the jackets 
by means of the twelve slot-shaped tuyeres, D, each 8 inches long by 14 inches 
wide being controlled by means of blocks attached to long rod-handles E 
are the charge pockets which are kept always full of charge that slides down 



the jackets as the column inside the furnace is melted away and keens an 

^ at the lowest point 

delivers the molten products into an overflow pot, and thence the slae into 
*g pott. Tke bkst i, .bj,.' 12 “ “““ 

40 to 76 tonfl'., .! varies from 

4U to 75 tons per twenty-four hours, according as the percentage of zinc 

Sif cwr ^-7 7"™ cent, down to,^7y 12^pef cent 

4 per cent generally Zn from 17 to 20 per cent.,^Cu‘ 2 to 

4 per cent., Pb 3 to 10 per cent., S 15 to 20 per cent., CaO about 10 per cent 
the remainder bemg sihca and iron oxidef though occasioSly SrSe 
charge is unusually ferruginous, no lime is added. The slags vary in com- 
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position, the usual limits being Si02 (insoluble) from 36 to 40 per cent., FeO 
{MnO) 31 to 47 per cent., ZnO 7 to 14 per cent., CaO 24 to 18 per cent., Ag 
0*25 to 1*5 ozs. per ton, but even more extreme limits are occasionally reached. 
The matte-fall is usually arranged to be about 8 to 10 per cent, of the ore 
charge ; its percentages of copper, gold, and silver, of course, vary according 
to those of the original ore charge, but, when possible, the composition of 
the ores bought is arranged so as to produce a matte running about 30 to 
40 per cent, copper, 2 to 4 per cent. Zn, 75 to 125 ozs. of silver, and 1 to 2 ozs. 
of gold per ton. The slags produced contain much zinc oxide uncombined 
with silica, and probably this exists as a ferrite, as suggested in Chapter vii. 

Besides true fume, to save which is the principal object of the process, 
a large amount of flue-dust is made both in the sintering-hearth and in the 
blast furnace, and this is returned to the process, the true fume from the sin¬ 
tering hearth containing on an average no more than 5 ozs. per ton, and that 
from the blast furnace 8 ozs. per. ton. Volatilisation of silver is increased 
by a high proportion of galena in the charge, by the presence of arsenic 
and antimony, and by a calcite gangue, and decreased by high proportions 
of pyrites and copper ores. The total loss of silver per ton of ore smelted 
varies from f oz. up to 3 ozs.; lead and gold usually show plus returns on 
the assay values. 

The gases from sintering and smelting furnaces are drawn ofi by means 
of Sturtevant fans, after passing through a brick chamber to mix them and 
equalise their temperature, and forced through an iron chamber, where they 
drop some of their dust contents. They next pass through a pair of rectangular 
sheet-iron cooling flues, 8 feet X 3 feet x 1,400 feet long (like Fig. 203), in 
which most of the remaining dust is settled out, the amount averaging 3 per 
cent, of the weight of ore smelted, and 25 square feet of cooling surface being 
allowed per square foot of grate area of the sintering furnaces. From the 
cooling flues the gases pass to one of a pair of bag-houses, used alternately, 
the general construction of which is similar to that shown in Fig. 32 
(Chap. iv.). 

Each bag-house contains 1,500 bags, 21 feet long and 20 inches in diameter. 
The bags are made either of calico, costing 3^d. per yard, which lasts from 
18 to 24 months, or of woollen flannel, costing Is. 8d. to 2s. Id. per yard, 
which, however, lasts from six to ten years. The temperature of the gases 
must not exceed 90° C. for the cotton bags, but may reach 120° C. for the 
woollen ones. For each square foot of grate area in the sintering hearths 
200 square feet of cotton filtering cloth are required, and if twice shaken 
in the twenty-four hours each square yard can be relied upon to collect 
10 ozs. of fume per day, while the woollen cloth is more efficient, and will 
collect 1 lb. of fume per square yard per day. The composition of the raw 
fume is PbS 12 per cent., PbS 04 with some PbSOg 30 per cent., ZnO 14 per 
cent., ZnSOg 40 per cent., SO 2 2 per cent., C and AsoOg, (fee. (insoluble), 2 per 
cent. 

In order to eliminate traces of arsenic and cadmium, antimony, mercury, 
and other elements, to burn off finely-divided carbon, and to convert all the 
lead into basic sulphate, and all the zinc into oxide, it is necessary to “ refine 
the fume by means of an oxidising roast. This is carried out at a tempera¬ 
ture of 815° C. in cast-iron cylinders or retorts, 10 feet long and 12 inches 
in diameter, within each of which revolves a long cylindrical spiral 
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carrying upon its outer edge four iougitutiiuul burs. The fun\e t 4 ike» 
about twenty minutes to pass ilirough the retort, and eonu\s (nil !uue!i (ienner 
than it went in, four volumes of raw fuiiu‘ being taoupaiged into volume 
of pigment. Its (‘omposition is ;^ine oxide with lead sulphate and basic 
oxy-sulphatc, and its average analysis Zii IT’d.'i per <'ent., Pi» per cent., 

S 2*96 per cent., Jfei);i, &e., 0*45 per cent., tt iMx'U per rent. 

The cost of treatment is not !uadt‘ pubic-, but is eertaiulv under ‘ihs., 
and probably under 21 h. per ton at Caibm t’ity, uitli eiike at 2ls. uiul slack 
coal at 2s. per tom The prot-ess would doubtless !ia\e met wifli inurh wider 
acceptation, but for the fact that the pigiuent pn«lu(’ed, nltlmugli bluish- 
white in colour and of fair covering pouer. does not fiiui a ready sale; in 
fact, according to Bartlett,* almut per dav (proibn-i-d from 2tK) tons 

of ore) is the maximum that the* Ann*riean market will absorb. 

Zinc-lead Phjmcnt Manufacture at Ka^,* Anv mixeal xim*- 

lead sulphides can be used for the prom-ss. but the miiuimim *-tmtent <d !»oih 
metals together should be *1t) per etmt., and the re!ati\e pneportion of the two 
metals is preferably abemt 2 zine tei i lent!, ‘n\iun a pigment eontnining 
about 2 parts of zine oxide t(i I <d basir lead sulpliate. 

The ore, after erushing to J inch, is ruasird in MiLmgall furnaces from 
an original sulphur content of lb to 2d per ceiil dottji to about :i per c-ent,, 
and allowed to cool thoroughly. It is then charyed tipon the b feet liy 12 feet 
perforated grates of brick-built fttrnactei in two block's twi* rows’ of nine 
furnaces each, hack to back, with a eominon flue, forminit each block. The 
grates are of cast-iron in strips H inches wide c Ih iiichcH finch and 6 feet 
long, perforated with hoh‘s | inch in diiiineter and^Il inchi-i apart, through 
which the blast passes. In (»pi*nitini' fhcHi* furiiarec'a la\er of rt»al is first 
charged evenly upon the grates, and when tl\h in hmnmu freeh a laver of 
roasted ore intimately mixta! with eoa! in tlirottn m and spncol rwnty,’ The 
blast first expels the minced metals, and then re iaidcte:. ihein. and tliewlmle 
of the fumes from tin* 18 furnaees paa'^ tlirough a brii'k roiiibiiMtion ehamher, 
where any particles td carbon are burnt t*IL Fn»m ihi-'i i-hamber another 
fan draws of! the fumes thrtnigit a alieet-iitrel cooling pipe, TtMi feet long, 
and then forttes tliem tjirough tin* bag fiotiiie, which vinv^v^n of IH Itorizonial 
conduit pipes, c*aeh with bt) nippb*H almve Utv tlie .Hiime liiiniber of IltLfoot 
bags suspended from tln.^ roof, and 17 !u»ppera below, from wldeh dt*pend 
the same numbtT of bags, 8 fet*t long* Kverv lour liour:-i thr long bags an* 
shaken, and tin* filtenal fumt*' fidla into fhi* short i'o|b‘'ctiii *4 biiga, wfiit-h an* 
removed evcTV tw'cnty-four hours, and the enutiaitn put on a eoii\ryor, wliieii 
takes it to the packing’-room. 


Smeltixu BicticK,s*4r;s. 

A proeesHcs Imvo hven patented at ititlereii! times hv 

Angell, rdlershauaen, Fry, and ot tiers, tlepeuilinu upon the amidlmg of the 
mixed ore m a blast furnace to yiehl lead in th,* intiallie form, wliile zinc mm 
kept m the slag by means of alkalies, partlv its zificale iind parth lUilpliide, 
and recovered therefrom subsequimfly by a variety of liieaii.. 

* Vukh *S, Heh, o/ M. t^nrjii, t^unri., inl. n., Stt. I 

t M, *S*, P,, ih*L SI, BMW, |j. IMIA. 
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4. The Ellershausen process,* in one of its most recent forms, consisted 
in smelting the mixed sulphide ore raw in a cupola furnace with a high blast 
and hot top, so as to volatilise most of the lead and zinc and part of the silver, 
the remainder of the silver, together with the gold and copper contents of the 
original ore, being collected in lead bullion and matte, which were separated 
from the slag as usual. The fumes from the furnace were drawn off by a 
fan and churned up with water sprays, yielding (1) a solution of zinc sulphate, 
and (2) a sludge of ZnS, ZnO, PbSO^, &c., which was filter-pressed and dried 
on floors. The broken-up cakes of sludge were then charged into a boiling 
solution of NaHO in an iron pot; the lead was reduced instantly to metal 
carrying with it the silver. The pot residues, after cooling, being broken 
up and passed to a leaching tank, yielded a precipitate of zinc sulphide and 
soda liquors which, upon being mixed with the solution of zinc sulphate 
obtained from the first washing of the fume precipitate zinc as hydrate, 
carbonate, and sulphide. The residual solution of sodium sulphate, after 
evaporation, is treated in the black-ash furnace for regenerating caustic 
soda. 

5. The Pry process employed by the Zinc Corporation at Ellesmere Port 
consisted of the following operations :— 

(1) Roasting the crushed ore down to about 5 per cent, sulphur, the fur¬ 
naces employed being of the Godfrey pattern. 

(2) Briquetting the roasted ore together with about 25 per cent, of its own 
weight of salt cake, and 5 per cent, of quicklime as binder. 

(3) Smelting the briquettes in an ordinary lead blast furnace of the old 
low pattern, adding ironstone and slag as indicated by the composition of 
the charge, in order to produce a good ferruginous slag carrying all the 
zinc, separation of matte from slag being prevented by the alkali. The 
blast pressure employed was about 24 ozs., and lead was drawn off by an 
ordinary syphon, while the slag, containing much zinc as sulphide and pro¬ 
bably as zincate of soda, was tapped from each end through overflow pots 
into ordinary slag pots. 

(4) Dezincing the slag by breaking it into pieces of nut size, mixing with 
10 to 15 per (sent, of anthracite fines or coke breeze, and charging into open 
hearth regencratively gas-fired furnaces with basic hearths of dolomite. 
Upon heating to a temperature of 1,700*^ to 1,900°, rabbling and poling with 
green wood, a portion of the zinc was reduced and volatilised, condensing 
in flues and settling chambers (and to a considerable extent in the chequer 
work of the regenerative appliances), as zinc oxide. Upon thus drawing off 
a portion of the zinc from the slag and lightening its specific gravity, a con¬ 
siderable separation took place of low grade alkaline iron matte, which 
contained practically all the lead and silver contents of the original slag, 
and, after crushing and roasting, was returned to the blast-furnace charge, 
while the now clean slag was thrown away. The zinc oxide recovered con¬ 
tained on an average 60 per cent, of zinc, but the quantity recovered was 
much smaller than had been hoped, and the choking up of the chequer work 
(erected in close proximity to the hearths) was serious; water-spray towers, 
moreover, had to be erected to complete its collection. The recovery of silver 
was good, but there was considerable volatilisation loss of lead. During 
the year 1897 10,872 tons of ore were treated by this process, the average 

* E. and M. J., Aug. II, 1900. 
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composition bein^ ?b 25 per cent., Zii 2i) per <'ent.. ami A‘4 *^2 ivia, per ton, 
and the profit on ore of this p’atle purchased at a chtnip rate was nearly 
£1 per ton; the recovery of lead and silver was said to la^ tiH p^^r cent, each, 
and that of zinc. 70 per ctnit. The proct\ss was aliandoued, not^ so much 
upon its merits, as in eonsecpienee of t'xtrava^emee and inal-ailininistratum 
in connection with tlie works. 

6. The De Laval Procoaa.— Tins pro<’(\ss has laam in use for some 
years near Trondjem, in NiU’way, and its introduetion into other districts 
is said to be probable. 

The process eonsists in forcing the finely pidvcriseti ore mixture by means 
of jets of producer gas and air into a ehamlier of appneximately cylindrical 
form, lined with magnesia brick, tlie jets betnu Mifuaftnl near tlie top of the 
chamber and arranged tangentially, so thiit tie* tlame with its on‘«eharge 
circles round the furmuax wheiua* the name “tydoidal’* furnartx An 
oxidising atmosphere is maintaiiu‘d, so that tlie ziiie ami h*ad emitents of the 
ore are volatilised by the intense, lu»u,t jmd i*oiiveiled into oxides, wldeh issue 
wsuspcnded in the current of furnaee gases from a flue near tin* hotttun of 
the furnace, whence tliey are drawn of! Ihrotmii a <-o«»hii ‘4 tlusidltte, follmved 
by a dust chamber, and finally forecn! tiirough ba?i filfriM li\ moans of a fan. 
The silica, iron, and other gnngue matters eiuilaiiiod in the ere are fused, 
and fall to the bottom of the furnace, when‘ a molten bath is forimnl which 
separates into two lavcws of slag atul matte as in tin* crmdlde of a blast furnace, 
the matte containing practically all tin* is»p|ier, silver, and gohl mmiimts of 
the ore. 

The fume caught in the bags, which consists rhieflv id zim- cjxidc and 
lead sulphate, is charged into a similar 'Mha-loida! “ furnace, in vUiich a 
reducing llame is maintained, ho that tlie o\idt*s aro rishiml f<> the metallic 
condition; part of the lead forms a Inatli in tlie rrueiblo of tlie funiaee, tlie 
remainder aceompanies tin* zinc-grey ** or “ blue powtlor/’ wldeh is drawn 
of! by a fan, and forced through a baflt id molten lend, where pari of it is 
condensed, the rest passing on to anotlier bagdiotise, mliere if m idl filtered 
from the furnace gases. The prodmd in eiimpre^HHial and iiirlfed tlown. 

7. The Snyder process* of electric smelting uinu at Vitlafili^iiiig tin* zinc 

after reduction to metal, while the lead redueta! simultaneouslv is absorbed 
in a bath of that metal. An electric furmu’e im eiii|ilo\ ed. tin* liearth of w hieh 
contains a pool of molten slag; below tlds open the miii*r tegs id two 
U-shaped lead wells, the outer legs id wldeh extern! mifMidi* tin* furnitee; 
while the inner openings, a fotd. or inon* iipiiii. art* mvereii In* tin* pool of 
molten product, which itself is covercil by n layer fd im*iiitd**mn*ni i’arbtm. 
The lead wells form the two p<des or elecirialf^s, 1‘lie ore, liejitl roasted and 
mixed with carbon, is first preln‘ated in a {•linmber sitiiitird above tin* fetal 
tube in the roof of the furnact*, tin* ln*atiiig being efltH’fed bi' fin* wuiste gases 
from the furnaee itself, eomptwetl tdiieHy id C’O. It m llmu fed in it stemly 
stream upon the inearulescent tiirlnm, !>y wdiich tlie nn*ta!?i are retiucaai, 
the zinc volatilising and being curried iiwuiy tt> coiidenidng elinitiber.H by the 
current of CO produced by tint rciluetion, while the lend eoiidenHes in droplets, 
and is absorbed by the bath in tlie wells. Tin* leiiiperaftirt* rei|uires to be 
kept ^between and l,HKf CJ., in <mler to nvoid ns far m possible 

volatilisation of lead with the zinc; nml tlie sing fiiaiie, tberfdore, must have 

♦ Mining Mmjtmmi, Nov, lim% |i. *220. 
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a low formation point, a good composition being SiOo 40 per cent., FeO 30 
per cent., and CaO 30 per cent. The lime required is best added in tbe form 
of quicklime, in order to avoid unnecessary loss of beat in tbe CO., wbicb 
would be expelled if limestone were used. Tbe process bas not yet passed 
tbe experimental stage. 

8. Tbe G-reenway process aimed at eliminating tbe lead and silver 
contents of Broken Hill middlings and similar lead-zinc ores by roasting 
with salt at a low beat. Tbe lead and silver were to be converted into volatile 
chlorides wbicb could be condensed by suitable means, while tbe balf-roasted 
residues, after leaching out sodium sulphate, would contain from 30 to 50 per 
cent, of zinc, and be in a suitable condition for distillation. Tbe method, 
however, seems never to have reached tbe commercial stage. 

B. SOLUTION AND PRECIPITATION PROCESSES. 

1. Tbe Grimm Process.*—This oldest and simplest of all wet processes, 
first tried by Grimm at Przibram, is still in use at Goslar (Harz) for treating 
tbe Eammelsberg ores. Tbe ore mixture contains 27i to 30 per cent, blende, 
‘9 to 12 per cent, galena, 1 to If per cent, cbalcopyrite, 8 to 12 per cent, 
pyrites, 45 to 49 per cent, gangue, chiefly barytes and schist, and is roasted 
in heaps several times. After roasting, tbe fines (wbicb alone are lixiviated, 
tbe lump ore being smelted direct) contain ZnO 28 per cent., PbO 10 per 
cent., FcoOg 13^ per cent., CuO 0‘9 per cent., BaSO^ 24 per cent., CaO, MgO, 
and Al^Og 5 per cent., and SO 3 16 per cent. They are charged, 1 ton or more 
at a time, into revolving cylinders or drums 4 feet long and 3 feet diameter, 
made of boiler plate with cast-iron ends, and there leached three or four 
times. Tbe first two washings are with still hot weak liquors from a previous 
charge, and when drawn ofi they have densities of 50° B. and 20 ° B. respec¬ 
tively ; two further washings are then given with hot water. 

Tbe first two washings are heated to boiling and allowed to stand for 
a week in large lead-lined pans; after wbicb time almost all tbe iron bas 
crystallised out as a basic salt, together with much gypsum. Tbe clear 
liquors are concentrated in boiling pans to 50° B., and either drawn ofi to 
crystallisers, in wbicb tbe zinc sulphate separates out, or to tanks in wbicb 
they are precipitated with barium sulphide, obtained by reducing tbe barytes, 
wbicb is a common gangue in tbe district. A double decomposition results 
with formation of two insoluble precipitates—viz., zinc sulphide and barium 
sulphate. Tbe mixture is run through filter presses, dried, calcined, and, 
after grinding, is sold as a white pigment of fair covering power under tbe 
name of “ litbopone."" 

A modification of this process for preparing a mixed white pigment is 
that of Cowley,t according to wbicb ^ to per cent, each of freshly prepared 
magnesia and finely pulverised salt are added to tbe mixed precipitate sludge 
before filtration. The dried precipitate is further mixed with 3 per cent, of 
ammonium chloride before ignition or calcination. Tbe colour prepared in 
this way does not darken after long exposure to sunlight or to sulphuretted 
gases. 

* Schnabel, Handhucli der MetallhuUenkundef vol. i., p. 327 ; also Kerl, Min. Ind., 
vol. iv., 1895, p. 83. 

t Chem. News, 1891, pp. 63 and 68. 
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“ Lithoponehas good covering power, and does not- continue to oxidise* 
linseed oil as does white lead ; it is, therefore, ttaaiual a non-siccative pigment 
For outdoor work it seems imsuit-ablts lu‘cause ll is aflVcted by exposure; 
but for indoor work it has some a,dvantagt‘s, and, although absorbing light 
and becoming grey upon exposure to brilliant, sunlight (a property of the 
zinc sulphide, which forms su(‘h an important part of it), the grey colour 
is lost again if shaded from direct sunlight, uiul it luM'omes brilliantly 
white in the dark. In thecny the pr(H‘ipitatc‘ should <’outain about 30 per 
cent ZnS and 70 per cent IhiSO.,, but th<‘ commercial artich^ sometimes 
contains about 25 per cent ZnS, 7 per ctad. ZuO, and IH pt'r ciait BaSO.,, 
and at other times up to as miudi as 75 ptu' tamt. HaSOj. Ida* pnvseuce of 
even a trace of iron spoils tlu‘. colour, tluTtdore the zinc soliditui must be 
carefully purified. 

2. Tho Parnoll ProcoBs.—This ingeidous prociss was in operation at, 
Llansamlet, near Hwansea, from 1871) to 1883, but. was commercially un¬ 
successful, owing, however, in part to causers quitc‘ independent of its merits. 
It comprised the following operations: (I) Roasting at a dull rtnl heat; 
(2) leaching with water to dissolve^ ZnSOj; (3) heating in revtdving lead- 
lined cast-iron pans with chamber sulphuric achl to tlLs.solvt* Zid); (I) leaching 
again with water to dissolve out ZuHD.j; (5) mixing tin* sulphate solutions 
and passing over s(‘.rap iron to precipitate any eopptT present : {i\) (‘vuporating 
to a paste, and stirring in powdered blende in tin* proportimi of onc‘difth by 
weight of tlie ZnS().j; and (7) (‘uleining in a midlle, whereby the following 
reaction took plai'c—■ 

:JZaS(b i^iuS 4ZuO ! ISO,. 

The ZnO was sold to zinc smelters, the SO, frmii the muflle (‘alciner, 
together with that from tin* on* roastm*, was passed into h’inl ehamhers and 
converted into sulphuric*, acid. The* leac‘lied residue after drying formcHl a 
readily saleable lead-silver eonc’cntratc* sold to smelters. Tin* losses of lead 
and silver are supposed to have* bcM*u idiout 1 per cent., ami that, of zinc* 
about 20 per cent, of the assay valties. 

The modification of this procc*ss, pntiaifed by Myalls and Wyatt-,* con¬ 
sists in dividing the mixcnl solution from tin* water and sulplmrie aedd leaelies 
into three-fourths, whieli are evaporatcal to dryness, yielding zine sulpliate; 
and one-fourth, in whi<‘h the zinc' is preeipitatcHl'liy mi^ans of alkaline* sulphide. 
The sulphate and sulphide are tlien nuxcnl and ln*{ited in a muflle, 

3. Th© West ProooBB.t''—■Bevt*rul hundred tons of mixtal sulphide* ores 
were treated by ihis proc'css during 188hdH) at Tliontasville, N,(’. ; l>ut 
although the rec-overy of prcH'iou.s metals was pracgicidly complete, and the 
losses of lead and zinc^ only 20 pc‘r c‘eut. and 30 per cent, respeelively, tln^ 
process was not a hu(u*(»hh unfb*r the eonditionn prevailing, wliieh included 
an experimental and improvcnl plant not; Wi*!l suitial to t!ie proc*i*ss. The 
following was the ae(|uenee of operations-’ (1) Roasting in a revertH»ratory ; 
(2) cooling and wetting down, charging into falHediotiomiHl tanks upon a 
layer ofj)ebbles; (3) forcing the gases from the roasting furnace, together 
with a jet of steam, through the ore in tlie tank liy means of a powerful 
blower for from six to t.wc‘lve hours, by whieli means tlie zinc oxide present 

* Min, I ml., vek iii., p, 4:ei. 
f /Vor. IhhL Viv, vet. civ., p. 407, 
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was eventually clianged into sulphate; (4) removing the ore to leaching 
vats and leaching with water; (5) precipitating the zinc from the neutral 
solution as hydrate by means of gaseous ammonia generated in stills by the 
action of caustic lime upon ammonium sulphate; and (6) regenerating the 
ammonia from the solution after precipitation of the zinc, by heating it with 
lime in the stills aforesaid. 

The leached residue, containing all the precious metals and practically 
all the lead and iron of the original ore, was dried above the roasting furnace, 
and was then sold to lead smelters. 

4. The Storer Process.—This ingenious process, which it was proposed 
to employ at the Illawarra Works of the Smelting Company of Australia, 
consists briefly in roasting, leaching out the zinc sulphate with dilute acid, 
peroxidising any iron present, filtering and then precipitating the zinc by 
means of calcined magnesite as a hydrate, which is run through a filter press 
and then calcined to oxide. The magnesium sulphate mother liquors are 
evaporated to dryness and calcined at a red heat, regenerating magnesia, 
which is used over again for precipitating another tankfiil of zinc sulphate 
solution. The sulphuric acid vapours given of! from the calcining furnace 
are condensed and used for leaching out the roasted ore, thus making the 
process regenerative, both as to solvent and precipitant. 

All the above processes, as well as those of Croselmire’*' and Emmens,t 
depend upon sulphatisation of the zinc. 

5. The Schnabel Process.J—This involves roasting the ore at a 
cherry-red heat to convert the zinc into oxide, which is then dissolved out 
by a solution of ammonium carbonate ; it has never been tried on a commer¬ 
cial scale, and even if the cost of the plant and of the necessary manipulations 
did not preclude its use upon a large scale, the inevitable leakages of ammonia 
would be likely to do so. 

6. The Spence process, unlike the foregoing, aimed at the separation 
of the lead, leaving the blende unaltered, together with the precious metals. 
It consisted in acting upon the finely powdered raw ore with hot hydrochloric 
acid, which dissolves galena before it attacks blende. The lead chloride was 
dissolved out by hot water and the lead precipitated from it by calcium 
carbonate, while the lead-free blende (carrying still all the precious metal 
contents of the ore) was roasted and distilled for zinc in the ordinary way, 
the residues being returned to the silver smelters. This process was worked 
for some years by the late Mr. Spence, but proved unsuccessful commercially. 

Some years ago the author experimented with this process on a dressed 
slime product containing 48 per cent, zinc and 14*7 per cent. lead. By once 
boiling up in covered wooden vats provided with agitator arms, with hot 
commercial HGl in the proportion of 100 gallons to 1 ton of dry ore, syphoning 
off and washing successively with several lots of hot water, amounting in 
all to about 12 tons of washings for each ton of solid material, the lead in 
the residue was reduced to under 2 per cent., and the zinc raised to 57| per 
cent. Of the dissolved lead, two-thirds were crystallised out as chloride, 
and the other third precipitated as chromate. In the neighbourhood of 
chemical works where hydrochloric acid can be purchased cheaply this 

* and M. J., Sopt. 29, 1888 ; Fob. 9., 1889. t Min. Ind., vol. iii., p. 431. 

X V. Chapter xv., where its employment for the treatnumt of zinc crusts is described, 
also Schnabel, Handb. der Metallhiittenkunde, vol. i., p. 564. 
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process, carried out, however, not in vats, but in revolving barrels, is not 
only feasible for separating lead from zinc in a high-grade concentrate, but 
can be carried out at a profit. 

Patents have been taken out by Siemens & Halske, Borchers, and several 
other inventors, for extracting zinc as chloride by means of chloride gas. 

7. Borchers * proposed to treat mixed zinc-lead ores in revolving lead 
barrels at temperatures of 30° to 40° C., together with solutions of NaCl or 
MgCL,, chlorine gas being passed through the trunnions. By leaching the 
residues with hot mother liquors, and subsequently with hot water, chlorides 
of Pb, Zn, and Ag are extracted, and free sulphur is distilled from the residue 
by Schafiner's method with superheated steam. The residue, which con¬ 
tains most of the blende and silver, is treated as an ordinary zinc ore, and 
the residues smelted for silver as usual. A Broken Hill ore with 14 per cent. 
Pb, 31 per cent. Zn, and 0*059 per cent. Ag yielded in solution as chlorides 
the whole of the lead, 17*5 per cent, of the Zn, and 0*011 Ag, leaving in the 
residue 13*5 per cent. Zn and 0*053 per cent. Ag. The final residue, after 
distillation of Ag, contained 39*1 per cent. Zn, and was 34*5 per cent, of the 
weight of the original ore. 

The chloride solution was to be purified by addition of ZnO, or of a high- 
grade roasted blende, boiled down and electrolysed (see next section, the 
electrolytic processes of Swinburne, Maxwell-Lyte, and Borchers). 

8. The Hoepfner chloride process will be found referred to in the 
section on electrolytic methods. 

9. Bisulphite Processes.—Many years ago Hoepfner patented and 
used a process, the essential features of which were—(1) Roasting “ dead"" 
in muffle furnaces and collecting the SO^, condensing the last traces by 
means of scrubbing towers ; (2) “ Gassing the roasted ore by means of the 
SOo gases produced in the roasting furnace ; (3) Leaching out zinc bisulphite ; 
(4) boiling the solution of zinc bisulphite [ZnH 2 (S 03 )o] by which SO 2 is given 
off to be used for ‘‘ gassinganother charge of ore, and insoluble zinc mono¬ 
sulphite precipitated, which was oxidised to sulphate by a method referred 
to on a later page. This method has been revived and thoroughly investi¬ 
gated by Sulman and Picard, who dispose of the monosulphite by simple 
dissociation at a temperature of 550° to 650° in closed cylinders, the products 
being impure zinc oxide for zinc smelters, saturated solution of sulphurous 
acid, and free SOg gas, the two latter being used for gassing new charges of 
roasted ore, while hy adopting modern appliances the process has been in 
other ways brought up-to-date and made practical. 

After a great deal of experimenting with Hoepfner’s original method of 
decomposing the bisulphite solution by boiling off the SO 2 , and so precipi¬ 
tating the insoluble crystalline monosulphite, the inventors prefer to effect 
precipitation by incorporating with the solution finely divided zinc oxide 
produced by heating the monosulphite in a mufile at a low temperature. 
Zinc bisulphite being only soluble in solutions carrying per cent, of free 
SO 2 , this excess of free SO 2 has also to be neutralised by ZnO, but in practice 
it is found that 10 per cent, excess over the equivalent required by the 
bisulphite present is sufficient. 

The Sulman and Picard process, as worked out by the inventors, there¬ 
fore, consists of the following operations :— 

'* Min. Ind.f 1902, vol. xi., p. 622. 
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(1) Boasting the ore, crushed to from 16 to 20-mesh size, in some form of 
mechanically rabbled furnace (M^Dougall, Wedge, or other type) muffled, at 
all events as regards all but the finishing hearth, the temperature employed 
not exceeding 750° to 825° C. Too high a temperature, besides causing 
volatilisation losses of lead and silver, increases the production of insoluble 
zinc ferrite ; too low a temperature leaves too much zinc sulphate undecom¬ 
posed. The formation of zinc sulphate and of zinc ferrite are the two- 
principal difficulties of the process; from 5 to 10 per cent, at least of the 
zinc contents of the ore remain as sulphate, which, although soluble, demands 
separate treatment by double decomposition with calcium bisulphite, or 
precipitation with milk of lime, forming a mixed zinc-lime mud; while 
another 5 to 10 per cent, of the zinc contents take the form of zinc ferrite, 
which remains with the other insoluble matter contained in the ore during 
the leaching operation. The production of zinc ferrite can be to some extent 
controlled by keeping the roasting temperature low (under 850° C.), by 
having the bulk of the ore fairly coarse (between 25- and 80-mesh), and by 
“ balling ” the fines below 80-mesh with calcium sulphate produced at a 
later stage through precipitation of zinc sulphate with calcium bisulphite or 
milk of lime, before charging them into the roasting furnace. The roaster 
gases contain from 5 to 7 per cent. SOg,* they are condensed in scrubber 
towers of any convenient form, the resulting liquors being used for leaching, 
while a portion of the gas may be absorbed by milk of lime, forming calcium 
bisulphite, which is used for transforming any zinc sulphate leached out 
from the ore into bisulphite by double decomposition. 

(2) Leaching the roasted ore with SO 2 solution from the scrubbers, passing 
through it at the same time strong SO 2 gas from the decomposition of zinc 
monosulphite by heat; this leaching may be conducted either in barrels with 
gas pipes through the trunnions and special arrangements for gas-tight joints, 
in Brown agitation tanks closed at the top and furnished with pumps for 
collecting the unabsorbed gas, and again forcing it through the pulp, or still 
more simply in spray towers. The zinc is dissolved out as bisulphite (with 
some sulphate), except such portion as was converted by the roasting into zinc 
ferrite, which remains with the lead sulphate and insoluble constituents of the 
ore. In practice it is found convenient to treat a fresh ore charge with weak 
scrubber liquor, the SO^ contents of which are readily absorbed by it, until 
most of the zinc is converted into monosulphite, the weak liquors are then 
turned into a new ore-charge, and “ gassing"" is continued with the strong 
gases from the subsequent stages of the process until all the monosulphite is 
converted into soluble bisulphite. Towards the end of the leaching operation 
a small quantity of copper is extracted, and can be precipitated from the 
liquors by addition of zinc-dust or ‘‘ blue powder; if much copper be 
present, however, the bulk of it remains with the residue as oxide, and can 
be extracted by washing Avith dilute sulphuric acid, followed by precipitation 
as above. Some iron, manganese, and silica are extracted by the relatively 
strong sulphurous acid employed, so that the product of zinc oxide contains 
from 10 to 20 per cent, of impurities, equivalent to a tenor of 60 to 70 per 
cent, of zinc. Inasmuch as this product, however, is used for spelter-making, 
the presence of these impurities, so far from being a detriment, becomes an 
advantage, by increasing the density of the charge and retarding the speed 
of distillation, which would otherwise be abnormal. 
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(3) Separating the residue from the solution by means of settlement 
followed by centrifugal drying for the coarse, and subsequent re-settlement 
with flter-pressing for the slime which accompanies the solution from the 
centrifugals. 

(4) Agglomerating the residue by “ blowing up '' with. 10 per cent, of coal 
slack in a suitable grate-furnace with a light blast, producing a cinder, which 
contains most of the lead and practically all the silver in the original ore. 
A considerable proportion of the zinc ferrite produced in the roasting furnace 
is reduced, and the zinc contents are expelled as a fume of zinc oxide together 
with some lead. The fume is condensed in appropriate fume-chambers, and 
returned to the dissolving vats, where the zinc is extracted as bisulphite, 
while the lead returns to the insoluble residue as sulphate. The following 
analyses show the composition of ordinary lead-zinc ores from Broken Hill 
submitted to the process, and of the sintered residue for the blast furnace 
After extraction of the zinc. 



Original 

x\gglomerated 


Ore. 

jaesidue. 

Lead, . 

. 15-35 

17-2 

Zinc,. 

. 14-65 

1-6 

Insoluble,. 

. 45-31 

63-1 

Sulpbur,. 

. 11-26 

1-4 

Iron,. 

6-10 

.. 

FeO, and Al.,0;j,. 


9-0 

MnO, . r. 

! 5-51 

1-4 

CaO,. 


2-5 

Unconsumed carbon, &c., 


3-5 


98-18 

99-7 

Silver, ozs. per ton. 

. 10-12 

12-7 


On a large scale this sintered product usually contains about 4 per cent, 
•zinc, which is not enough to interfere with its blast-furnace treatment. 

(5) Precipitating the zinc monosulphite by incorporating with the 
bisulphite solution finely-divided zinc oxide from the decomposition of a 
previous charge of monosulphite. This incorporation was formerly efiected 
in a tube mill, but it is now found quite sufificient to agitate the zinc oxide 
with the solution by passing it through a centrifugal pump, which so churns 
up the lumps of zinc oxide as to efiect their rapid solution and reprecipitation 
as monosulphite. As already stated, the quantity of ZnO required is only 
10 per cent, in excess of the molecular equivalent, so that somewhat more 
than one-half of the zinc oxide produced in the calcining furnaces returns 
to the next cycle. 

(6) Drying the monosulphite precipitate in a centrifugal dryer, the cakes 
from which contain, in addition to adhering moisture, some 23 per cent, 
of water of crystallisation ( 2 ZnS 04 , bH^O). In order to avoid oxidation 
to sulphate, which would be reduced to sulphide in the subsequent distilla¬ 
tion of the oxide, and so occasion a loss of zinc, the dried monosulphite should 
be transferred to the retorts as quickly as possible. 

(7) Calcining the zinc monosulphide in iron retorts at a temperature 
above 550 , but not exceeding 650° C., the time required being about four 
hours. The water of crystallisation is driven ofi in several stages, the last 
molecule not being given ofi till a temperature of 300° C. is reached. The 
products are a strong 10 per cent, solution of SOo, which is used for leaching 
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ore-cliarges, but wMcli contains only one-fiftii or less of the gas expelled, 
and SOo gas of such strength and purity that it may be sent to a ‘‘ contact'' 
plant for the production of sulphuric acid. The bulk of the SOo produced 
from the ore in roasting being returned in leaching, as is also that produced 
by the decomposition of the zinc bisulphite, the various losses of sulphur in 
the process, including those in lead and calcium sulphates sent to the sintering 
furnace, are covered by only a portion of the SO^ obtained from the dissociation 
■of the monosulphite; the balance of this is, therefore, available for utilisation 
in any convenient way, whether as sulphuric acid or as calcium bisulphite. 

(8) Reduction of the zinc oxide in distillation furnaces. This presents no 
difficulty, the calcined zinc oxide with its 15 to 20 per cent, of impurity is 
much more dense than zinc oxide produced as fume, and behaves exactly like 
,a high-grade roasted blende. In practice the zinc oxide produced in the 
process would ordinarily be sold to zinc smelters rather than treated on 
the spot. 

It may be remarked that the percentage of insoluble in the agglomerated 
residue being too high for economical treatment by smelting, it would ordin- 
•arily be advisable to efiect a partial concentration of the original ore, so as 
ix) eliminate part of the gangue, and reduce the bulk of material submitted 
to what must necessarily be a somewhat expensive process; this, however, 
would not apply to such ores as those of Eosebery and Mt. Eeid, which are 
low in silica. The inventors estimate the total costs of treatment up to the 
production of zinc oxide and agglomerated lead-bearing residue at ffiom 
18s. 4d. to 30s. per ton, but on a commercial scale it seems probable that 
these figures might be exceeded. 

More recently the original Sulman-Picard bisulphite process has been 
modified by other investigators, and in order to simplify it the cyclical return 
of ZnO has been given up, as well as the recovery of SOo from the decomposi¬ 
tion of zinc monosulphite, which formed such an important feature of the 
original process. 

As now presented (1910) the process embodies the following operations :— 

(1) Boasting and leaching of the roasted ore in spray towers with the 
Toaster gases, which it is claimed are sufficient to dissolve out the whole of 
the zinc as bisulphite without any extraneous SOo. 

(2) Precipitation of the dissolved zinc bisulphite with milk of lime, giving 
•a zinc-lime mud, composed of zinc monosulphite and hydrate with calcium 
.sulphite and sulphate, the zinc contents .of the product in a dry state ranging 
from 20 to 25 per cent. zinc. 

(3) Briquetting the zinc-lime mud with coal in the proportion of 2 lbs. 
to every 1 lb. of zinc present, and “ blowing up"" on a sintering grate, by 
which means the bulk of the zinc is oxidised and condensed, first dry in 
ordinary brick chambers and then wet in spray chambers with the help 
of Korting water sprays. Condensation is practically complete, and the 
product of zinc oxide with some monosulphite is said to contain over 60 per 
•cent. Zn with less than 2 per cent. CaO and very little lead, most of which 
remains in the residue from the spray towers as sulphate. 

(4) Distillation of the zinc oxide for spelter in the usual way. 

(5) Smelting the residue from the extractor towers, which contains most 
of the lead and copper, and nearly all the precious metals in the original 
ore, by ordinary methods. 
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Althougli, however, the process has been apparently simplified by these 
modifications, it by no means follows that it has been really improved from 
a commercial point of view, since in some cases the value of the SO .2 recovered 
by the original process would more than cover the extra cost introduced by 
cyclical rehandling of one-half of the ZnO. Moreover, in some localities the 
cost of the extraneous milk of lime would be an important consideration, 
whilst an additional source of loss is introduced through the necessity of 
submitting the whole of the zinc product to the blowing up operation, since 
some zinc is always retained in the calcareous sinter produced by this- 
operation. 

C. ELECTROLYTIC METHODS. 

Most of the processes which employ electrolysis for isolating the zinc 
separated in solution from a mixed ore are carried out upon a solution of the 
electrolyte (either zinc chloride or sulphate), but, as will be seen, there are 
others (Maxwell-Lyte, Swinburne, and Borchers) which employ fused zinc 
chloride as electrolyte. The methods with solutions of zinc sulphate or 
chloride will be first described. 

1. The Ijetrange process consists in roasting the ore and leaching it 
with sulphurous acid, obtained by passing the furnace gases through water. 
The solution, containing zinc sulphite and sulphate, passes to tanks in which 
it is electrolysed, regenerating &ee sulphuric acid, which is applied to the 
leaching of another charge of ore until accumulated lime, iron, and other 
impurities render it necessary to start again with clean water. Practical 
difficulties in the electrolysis of acid zinc sulphate solutions prevented the 
process from attaining even technical success. 

2. In the Siemens &: Halske process the ore is roasted and leached 
with dilute sulphuric acid to obtain a sulphate solution for electrolysis. 
The liberation of free sulphuric acid, which proved fatal to the Letrange 
process, is overcome by Messrs. Siemens & Halske by the addition of ferrous 
sulphate to the electrolyte. This substance takes up oxygen as fast as it is 
liberated by the electric current at the anodes, producing ferric oxide which 
again combines with the sulphuric acid set free to form ferric sulphate, the 
combining power of iron for sulphuric acid being 50 per cent, greater in 
the ferric than in the ferrous condition. The solution of ferric sulphate then 
passes forward to the leaching tanks, where it dissolves more zinc, acting 
not only upon the oxide of that metal, but also to some extent upon unaltered 
sulphide; iron in the solution being partly precipitated in the interstices 
of the leaching charge and partly reduced again to ferrous sulphate, for 
which purpose, however, a certain amount of iron pyrites in the ore is found 
to be very desirable, if not, indeed, absolutely necessary. 

3. The Ashcroft Process.*—The difficulties met with in producing a 
coherent deposit by electrolysis of a zinc sulphate solution led this inventor 
to adopt in his original process, both at Broken Hill and at Grays, Essex, 
a chloride solution produced by leaching the roasted ore with a solution of 
ferric chloride containing 10 grains of iron per litre, when the following 
reaction took place :— 

3ZnO + PeoClg + 3HoO = 3ZnCL -f Feo(HO)e. 

* Private NoteSf 1896; also ThrelfaU, Australian Mining Standard, Jan. 20, 1897, 
and Ashcroft, Trans. Inst, of Mining and Metallurgy, vol. yi., pp. 282-337. 
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Besides tlie zinc, however, some iron, manganese, and silver always went 
into solution as well as lead, unless sufficient sodium sulphate were added 
to convert it into insoluble sulphate; while part of the iron was reduced 
only to the condition of FeClo. 

In the solution from the leaching vats any excess of FcoClg was first 
precipitated by addition of a little ZnO, and the solution was then pumped 
through filter presses to separate the residual siliceous matter of the ore, 
together with lead sulphate and the precipitated ferric hydrate. The cakes 
from the filter presses were broken up and briquetted, for smelting with lead 
concentrates and other ores. 

It was found that a hard and firm deposit of zinc from a chloride solution 
could only be obtained when the electrolyte was circulated m'pidly, and 
when instead of being acid it was slightly basic, this latter condition being 
insured by the addition of a little zinc oxide in the storage vats. 

In working on a large scale, however, the ferric chloride liquor was found 
to be quite unmanageable, corroding rapidly any form of metallic pump, 
and owing to this and to other causes a reversion was made at the Cockle Creek 
Works to the use of sulphate solutions, which could be readily handled with 
centrifugal pumps made of hard antimonial lead. With sulphate solutions the 
carbon anodes had to be replaced by lead plates, which last twelve months, 
being then converted largely into peroxide. With this change it was finally 
found practicable to dispense with the iron anodes and their accompanying 
consumption of that metal, and to use lead anodes exclusively, by which 
means an acid solution was regenerated for leaching, containing free H 2 SO 4 
instead of Fe^Cl,,, the diaphragms in the cells preventing this free acid from 
interfering with regular deposition on the cathodes. 

The principal difficulties met with in the operation of this modified process 
on B.H. ores at the Cockle Creek Works * were the following :— 

( 1 ) Difficulty of roasting even a finely pulverised material so as to produce 
any sulphate of zinc whatever, all the sulphuric acid produced being generally 
insufficient to convert the whole of the lead present into sulphate : and the 
consequent necessity of providing sulphuric acid from other sources for 
leaching. 

(2) Impossibility of leaching thoroughly by percolation, which rendered 
it necessary to adopt the costly processes of agitation and filtering in presses. 
Even in filter presses, however, unless the solutions are at a temperature 
of 80° C. or over, and unless the free acid contained is kept below 100 grains 
per litre, it is very difficult to filter the ore-mud owing to separation of gela¬ 
tinous silica. 

(3) Gradual accumulation of manganese in the solution, which not only 
interfered with the solution and deposition of zinc, but used up a large amount 
of sulphuric*, acid, since in order to keep the accumulation of manganese 
within bounds a portion of the solution had to be periodically run to waste, 
or treated by some other proc^ess for recovery of the zinc contents. 

(4) Difficulty of maintaining the electrolyte in such condition as to produce 
a uniformly hard and cohenuit deposit. It seems to be proved that not 
only the preseiu'c of traces of lead, antimony, arsenic, and other metals, 
but also traces of organic* matter from now vats, oil from the re-use of con¬ 
densed exhaust steam in the boilers supplying live steam for boiling up|the 

* Ashcroft, Tmm. ImL of Minimj and Metallurgy, vol. vi., p. 282, et seq. 

32 
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leadiing vats, and other, as yet unexplained, conditions will instantly change 
the character of the deposit from a hard, coherent, mass, like electrolytic 
copper, to mossy arborescent growths, or even to a black spongy mud which 
is practically valueless. 

(5) Difficulty of smelting the filter-press cakes, containing the lead and 
siliceous matter of the original ore together with 8 per cent, of residual zinc, 
without previous briquetting and drying, and the necessity of adding a very 
large amount of flux, now that, owing to the abandonment of iron anodes, 
there is no longer any addition from outside to compensate for the iron and 
manganese dissolved out from the ore in leaching. 

Owing to these difficulties, to the cost of the various manipulations 
required, and to the fact that for a capacity of only 1,000 tons of ore per 
week no less than £250,000 must be expended on plant, the process has 
been abandoned, and it is highly improbable that it will ever come into use 
again. 

4. Mohr’s * process consists in roasting the blende and treating with 
a solution of sodium bisulphate, thus obtaining a solution of zinc sulphate 
saturated with neutral NaoS 04 , wffiich is electrolysed, depositing metallic 
zinc at the cathode, while sodium bisulphate is regenerated at the anode. 
The solutions are said to be free from iron, and, owing to the presence of 

are said to be readily electrolysed, while no mossy zinc is formed, 
owing to the fact that the free SO 3 • immediately forms sodium bisulphate. 
The process is said to be in use at some works in Belgium. 

5. The Cowper-Coles process f consists of roasting as usual and leaching 
the roasted ore with water and dilute sulphuric acid so as to obtain a solution 
with 1 oz. of free sulphuric acid and 20 to 30 ozs. of ZnSO^ per gallon, which 
is freed from copper by zinc and electrolysed in vats with disc cathodes of 
aluminium and anodes of lead plates, the former of which are rotated slowly 
during the electrolysis. The current density is from 15 to 20 amperes per 
square feet, and the voltage at the cells is from 1 to 2 . The residue in the. 
leaching vats is leached with a solution of caustic soda (30 ozs. per gallon) 
to extract the lead as sodium plumbate, which may either be electrolysed or used 
for the manufacture of lead white, the former method being usually adopted. 

Broken Hill ores from the British Mine, containing Pb 30 per cent., Zn 
24 per cent., Fe 4 per cent., S 19 per cent., and Ag 0*06 per cent., were treated 
by this process at Hayle on a fairly large scale, the residue after leaching 
containing as little as 4-| per cent. Zn. The zinc was deposited in the mossy 
form, and was removed from the cathodes by wooden scrapers, the product 
containing Zn 54*88 per cent., 0 12*55 per cent., SO 3 10*05 per cent., SiO^ 
1*05 per cent., CuO 0*80 per cent., PbO 0*07 per cent., Al^O^ 1*20 per cent., 
Fe^Og 0*60 per cent., CaO 0*45 per cent., and water and organic matter 
13*35 per cent. The lead deposited from its plumbate solution on the 
revolving discs contained Cu 0*08 per cent., Sb and Sn 0*0004 per cent., 
Fe 0*0117 per cent., Zn 0*015 per cent., and Pb by difference 99*8029 per cent. 
From the residue after lead extraction silver is recovered by leaching with 
KCy and precipitation on silver sheets. In this process no attempt was 
made to get a coherent deposit of zinc, although it is well known that the 
world's market for zinc dust or mossy zinc is extremely limited, and the 
re-treatment of the mossy product involves heavy losses. 

* Miru iTid., vol. vii., 1899, p. 749. f Mineral Industry, vol. vii., 1899, p. 747. 
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6. Tlie Hoepfner process for electrolytic deposition of zinc utilises 
a chloride solution prepared from blende or mixed zinc-lead ores in one of 
various ways. 

One of the methods employed is as follows:—The blende is roasted in 
muffle furnaces with from 20 to 25 per cent, by weight of CaClo for twenty 
to twenty-four hours at a temperature not exceeding 650°, the coal con¬ 
sumption being 20 per cent. 

The charge, as drawn from the furnace, and while still hot, is leached 
in iron vats wdth dilute Avaste liquors from a previous operation, yielding a 
solution containing about 10 per cent. Zn as ZnClo, besides the excess of 
CaCl 2 , Pb0l2, CuClo, and other base metal chlorides. The lead is precipitated 
from the solution by means of zinc dust or mossy zinc; Fe and Mn are 
eliminated by addition of bleaching powder and marble dust, and the residual 
solution is electrolysed. In cases when the proportion of Pb is high much 
of the PbCLj remains with the residue long after the extraction of ZnClo is 
complete. In such cases leaching is continued with hot water until no more 
can be extracted, and treated with scrap zinc to recover the lead. A certain 
proportion of the lead, how’ever, is always left in the residue as insoluble 
basic sulphate, and, if there is any overheating in the roasting process, even 
silicate may be formed. 

Another method for obtaining a chloride solution from roasted blende 
(said to be that in use at the Winnington Works) is that of agitating the 
roasted blende with hot calcium chloride solution, which is a bye-product 
of the ammonia-soda process, and passing CO 2 under slight pressure, when the 
following reaction takes place— 

ZnO + CO 2 + CaCl^ = ZnCLj -f CaCO;,. 

Sometimes the roasted blende is agitated with the CaCl 2 solution, forming 
calcium hydrate, and then CO 2 is passed in a separate vessel; in this case 
the CaCOjj, which comes down in a fairly pure form, is known as “ pearl 
hardening,’" and is saleable to paper-makers. 

Still another method of obtaining a zinc chloride solution is as follows :— 
The roasted ore is “ gassed"" with SO 2 produced in the roasting, giving zinc 
bisulphite, HoZnSoO^, which is leached out. The solution is boiled to elimi¬ 
nate the free SO^ (which is used upon another charge), when the insoluble 
zinc monosulphite, ZuSQ.^, is precipitated. 

The precipitate is mixed with NaCl and Fe 203 (as oxygen carrier) and 
subjected to a current of warm air, when the sulphite becomes oxidised to 
sulphate, and by double decomposition forms the chloride, in accordance 
with the following equation :— 

ZnSOs + 0 + Fe ,03 + 2ISraGl = mSO^ + ZnCl^ + ’Fe.O^. 

The ZnClo is leached out with the minimum possible quantity of water or 
brine solution, so as to leave most of the zinc sulphate undissolved and 
electrolysed. 

This method seems more complicated than the two previously mentioned, 
but it is said to leave less zinc undissolved in the residue. 

At Furfort am Lalin * (Germany) zinciferous pyritic cinder from pyrites 
kilns was ground to 1*5 mm. size, mixed with 18 to 20 per cent. NaCl, and 
roasted in a muffle for twenty to twenty-two hours at a temperature not 
* E. and M. J., May 16, 1903, p. 760. 
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exceeding 650^ the charge^ of cinder being \Xm kgs., niui tlu‘ c<»al consumption 
20 per cent, by weight. Tlu' still hot chargt» was h‘ache(l in inm vats with 
mother liquors, yielding a solution containing in par cent. Zn as Zn(1.„ from 
which NaoS() 4 , lOlLO was dtqxmited by freezing b after which 

Fc and Mn were preeipitated by addition of marble dust, ami Pb, Vn, &c., 
by zinc dust. The residual solution with 20 per cent. ZiiCT. and 22 per 
cent. NaCl was electrolys(‘d with <iiscoidal rotating cHthodt‘s endy partially 
iminerwsed. 

The vats were V-shaped, divided into* st^veu anode cells and (‘iglit cathode 
compartments by means of a diaphragm of nitrated cloth: tluMmodes were 
of hard carbon, the cathode discs of zinc n‘V<»lviug on a tauitral sliaft, Each 
anode cell was elosed at the top, ami was provklcd with an cmtlet pipe of 
glass or hard rubber connected witli the lead gas nmins by means of an 
india-rubber tube to carry (»tT the ehlorint' gas for making bl«*ar!ang powder; 
at the bottom, of course, the anode cells won* <»peii to the catluale (‘(unpart- 
ments, in order to permit free emulation. Tlie elect roly tt‘ contained, as 
it entered each vat, 9| to 10 per c’cnt. Zm and left with 2 per cent. The 
acidity was maintained at from 0‘OH Oi2 per <*ent. fret* Ht1 by addition 
of acid to the extent of 0*03 to O'Ob gramnu* H<1 per nmpt*r(* lumr. The 
vats w'^ere connected in series, the current th^usity emplt»yt*d was lOO ampc*res 
per square metre, and the terminal voltage <»f eaeli vat was 3*3 tt> 3*0, Zinc 
deposited in dense form, and tin* eurn*nt <*f!ieiency was 07 per t'cnt. of the 
theoretical 

After thirty to thirty-five days the st*vt*n eatluaies wotdd liave from 
800 to 1,000 kgs. of zinc deposited on tlu*m, and were ri*plact*d by a new set 
and melted down in a reverberatory furnace with a coal tauisumption of 7 U> 
8 per cent., losing If) to 2 par cent, in tin* melting proi-ess, ami yitdtling a 
product with 99*97 to 99*98 per cent.. Zn, t^*OI to 0*02 per t*ent. Fh, ami traces 
only of Fe and Tl. 

The Mond modification of the f!ot*pfner proc'CHs carrieti <iut at the 
Winnington Works is said to mtiploy ci»rrugated rotating tirums preHSf*<! 
together by means of springs, by whieli the surface of the depoHit4Hl zinc is 
kept smooth, and the deposit is maintaimni at tin* riapured degree of denseness. 
The yield per H.F.-day of electrie power employtal is saui to be 5 kgs. zinc 
and 15 kgs. bleae.hing powder, and tlie eost of protluction is siiiti to be more 
than covered by the value of tlie zinc produeetl 

7. The Maxwell-Lyto * proeens I'omprises leaehing of thi* roasted 
ore with dilute sulphuric acid, and ctmversion of the sulphate into chloride 
by treatment with NaOl. Tlie r«*Hulting zinc chloride is fused ami electro¬ 
lysed as in KSwinburne’s Pluenix process 9 /j*.), using a nitluHte of fuseti metallic 
zinc and carbon anotl(‘H. 

8. The Fhoonix ProcoHs.f (Kwinburm* and Ashcroft).- This process, 
which is completely <*yeli(\ and ainiH at rceovt^ry of all vahialdt* elements, 
comprises four stagers 

(1) Displacenu'ut of sulphur liy means of ilry chlorim* ges under pressure. 

(2) Precipitation of Icaid, copper, am! silvi*r from the hm*d chlorides by 
means of zim* and of iron and manganese bv pi*roxidiHHtimi. 

(3) Separation of tin* fused c-hioride of zim* from the giiague, by 

* Min. indmiry^ voL vii., IHOU, p, 74H. 

InM. Min. Mttt., uil. ix., IIMU, p, :i7H. 
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pouring off the clear supernatant portion and boiling up with water that 
which is mixed with gangue, the solution of ZnCL obtained being evaporated 
doWn and fused. 

(4) Electrolysis of the fused zinc chloride. 

Like many other cyclic processes, which on paper look pretty and promise 
complete recoveries, this ingenious process has in practice developed serious 
difficulties, and does not appear to have become commercially successful. 

The 1st Stage (displacement of sulphur by chlorine) is carried out in iron 
converters lined with firebrick of either the tipping or the fixed form with a 
taphole. The temperature at which the reactions become violent is 600° 
C., below which there is loss of Cl by formation of S 2 CI 2 . Above that tem¬ 
perature SoCL is completely dissociated, and the whole of the sulphur distils 
off free (except any which is burnt to SOo by air accidentally entering the 
apparatus). The reactions are— 

Pbs -I- a> = Pbch -I- s 
ZnS -I- Cb = ZnCL> + S. 

The ore, crushed only to moderate fineness, is fed in continuously through 
a trapped earthenware tube which dips below the surface of the bath of fused 
chlorides, and the chlorine gas (which is kept in iron tanks under 50 lbs. 
pressure) is blown in as required; the reaction being strongly exothermic, 
the required temperature is easily kept up. A certain amount of metallic 
chloride is volatilised and collected in the condensing flue together with the 
sulphur, from which it can be readily separated by washing with hot water, 
leaving the sulphur nearly pure. 

The '2nd Stage (substitution of zinc for lead) is carried out either in the 
converter itself, or preferably in a top-heated muffle furnace, provided with 
a charging tube for the zinc and a taphole for the reduced lead (and silver), 
the temperature necessary being only 450'' C. After separation of the lead, 
iron and manganese are peroxidised and precipitated as oxides (Fe^Og and 
MnO^), which are removed with the gangue. 

The 3rd. Stage (separation of gangue) is carried out when the mixed ore 
contains but little insoluble matter or iron by allowing the molten mixture 
to stand, and tapping or skimming off the clear chloride which remains above 
the stratum of suspended matter. When the proportion of gangue and iron is 
considerable no clear chloride can be removed, and the w’hole mass has to be 
submitted to the next operation, which consists of leaching with hot water, 
boiling down in lead-lined vessels under vacuum, and finishing in enamelled 
iron pans or top-heated tank furnaces. It is necessary to evaporate in a 
partial vacuum owing to the tendency to lose HCl and form basic chloride, 
and in order to remove tlie last traces of moisture, which if allowed to 
remain destroy the electrolysing apparatus. 

The 4:th Stage (electrolysis of fused zinc cliloride) is usually carried out 
in two stages. Fused ZnCl.j, if perfectly free from moisture, does not begin 
to fume at temperatures below 400®, and does not attack iron vessels or tools ; 
but it affects iron if the slightest trace of moisture be present. In order to 
protect the main electrolysis vats, therefore, as well as the carbons (which 
also are destroyed by any moisture present), and to eliminate any traces 
of Pb and Fe still remaining in the ZnCL, and so produce a pure metal, the 
fused chloride is first partially electrolysed or purified in a special form of 
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open vat with a cheap form of carbon anode; and then, when chlorine com¬ 
mences to be evolved copiously, it is run into the permanent electrolysis vats 
or furnaces. 

These consist of an outer steel tank, 6 feet in diameter, lined with 18 inches 
of ordinar}" Stourbridge firebrick. The cathode is a ton of molten zinc, 
which is always left in the bottom of the furnace below the taphole, connection 
with it being efiected by means of a steel block buried in the brickwork, to 
which the current is taken by means of copper tubes. The anode is a cast- 
iron plate, with a group of 120 rods of hard carbon 2-|- inches in diameter 
depending from it, and immersed 6 inches in the electrolyte. The current 
used is from 3,000 to 4,000 amperes at a pressure of 4 to 4.^ volts, and each 
furnace turns out nearly a ton of zinc per week, nearly the full equivalent 
of metal corresponding to the current employed being deposited. The metal 
produced contains Pb 0T5 per cent., Fe 0*02 per cent., Zn (by difference) 
99*83 per cent. The working temperature is 425° to 525° C. The Cl is 
drawn off from the furnace by means of an ebonite-coated fan, and is com¬ 
pressed by means of a pump, and liquefied at a low temperature caused l:)y 
the re-evaporation of the gas itself, under a pressure of 50 lbs. per square 
inch. 

In spite of the ingenuity of this process, and its pretty appearance on 
paper, after the lapse of something like nine years since it was first brought 
out, no commercial success would appear to have been attained. 



CHAPTER XXL 


FLOTATION PROCESSES. 

A WHOLE series of processes for tke separation of sulphide minerals from 
their stony gangue, and to a far less definite extent of one sulphide mineral 
from another, has come into use recently, all based primarily upon the fact 
that particles of sulphide minerals are less readily wetted by water than 
particles of gangue; while, on the contrary, the surface of the sulphide particles 
appears to have a positive attraction for gases and for grease in any form. 
It is a matter of every-day observation that particles of clean sulphide 
minerals when dry are readily floated by water, and the various flotation 
processes all depend upon different ways of accentuating the disinclination 
of the sulphide particles to allow then surface to become wetted by water. 

The scientific explanation is somewhat obscure; 'whether the apparent 
repulsion between the sulphide surface and that of the water is a property 
essentially of the sulphide mineral or whether it depends upon the ‘‘ surface 
tension of the water is doubtful. Surface tension of a liquid is that property 
which enables it to acquire and retain a globular form when in contact with 
a surface which is not wetted by it. The free surface acts like a skin which 
exerts a certain resistance to severance by the introduction of foreign bodies, 
and this resistance is specific, varying with the body introduced, so that 
whereas gangue minerals readily break through the tension and become 
wetted, sulphide minerals are repelled, and the repulsion is increased when 
their surface is at all greasy or when coated with certain gases. 

The oldest of the flotation processes is the original Elmore process, which 
depended upon oil alone for floating the sulphide minerals. Next came the 
so-called “ acid '' processes of Potter and Del^rat, which use no oil, but depend 
upon the formation of bubbles of COo through the action of the acid upon 
carbonates in the ore, and the adherence of these bubbles to the particles 
of sulphide minerals in preference to those of the gangue, thus buoying up 
the former. The Be Bavay process “ gasifies'' the dry ore by passing over 
it a current of furnace gases rich in CO^, and then feeds it in a. thin film 
on to an acid solution contained in spitzkasten, similar to those used for 
the Potter and Delprat processes. 

The Catt&rmole or granulation process, tried at the Central Mine, Broken 
Hill, consisted in agitating the ore pulp with certain small proportions of 
oil and acid at a temperature of 38° and feeding into spitzkasten, when the 
concentrates overflow and the gangue is withdrawn below in the usual way. 
The concentrates are boiled with dilute caustic soda, which saponifies the 
oil, and this soap solution being added to a fresh lot of pulp, together with 
a fresh charge of acid, the oil, or rather fatty acid, is regenerated for re-use. 

The new Elmore vacuum process utilises the air dissolved in the water. 
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1 , by tbe action of a vacuum, forms into bubbles; these attach them- 
3 to the sulphide particles, and float them to the surface of the vacuum 
her. Small quantities of acid and of oil are employed intimately 
d with the pulp, in order to increase the attraction of the air bubbles 
e particles of mineral by forming minute bubbles of COo, with which 
irger bubbles of air coalesce. 

he newest of all the flotation processes is the Macquisten * which uses 
er oil nor acid, gas nor vacuum, but causes the sulphide minerals to 
upon water simply by presenting the particles to the surface at a suitable 
. Each time that a group of particles of sulphide mineral are slid upon 
face of water at a flat angle a certain proportion will float, and the 
inder, if slid upon the surface a sufhcient number of times, will nearly 
‘ floated eventually. 

untington,t in the course of some investigations into the mechanics of 
ion processes, experimented on the angle made between a smooth 
led face of a mineral and the surface of a liquid, into which it is partially 
irsed. This angle is constant for a given substance and a given liquid, 
3 a measure of the degree to which the substance is wetted. The “ angles 
itting observed were for galena 48°, blende 50° to 69°, stibnite 47°, 
letite and quartz 0°—that is to say, these latter substances were com- 
ly wetted. If, therefore, particles of these different substances are 
^rsed in water and at the same time brought into contact with bubbles 
y gas, the extent of the surface of the latter, which can come into actual 
LCt with the mineral particle, will be in direct proportion to the contact 
: formed between the mineral and the liquid. The larger the angle 
;reater the area over which contact extends, and the greater tendency, 
fore, for the bubble to lift the particle ; whereas when the mineral 
lie is of such a kind as to be completely wetted even on a free surface, 
is no tendency at all for the gas to attach itself to the particle. 

L regard to the acid flotation processes, Huntington found J that the gas 
ed by calcite, and by other carbonates which are readily decomposable in 
old, appears to have little or no tendency to attach itself to particles 
itallic sulphides, and it is only the gas evolved by such carbonates, as 
bite and rhodocroisite, which require a heat of 65° for their 
nposition, which has any flotative action upon the sulphides. This is 
rmed by Ingalls. § 

e Bavay has suggested H that SiO^ and S liberated, the former through 
ction of HoSO^ on fluorides in presence of silica, and the latter through 
xidation and decomposition of resulting from the action of the acid 
mde, play an important part in the acid flotation processes, by forming 
dal mediums or envelopes for holding the bubbles of evolved gases 
i attach themselves to the sulphide particles; but this explanation 
5 somewhat far-fetched and unnecessary, the ‘‘ angle of contact 
ien the sulphide particles and the wetting solution appearing to be 
ient to account for the attachment of the gas bubbles to these rather 

E, and M. J., Oct. 26, 1907, p. 765. 

Paper read before the Faraday Society, Dec. 12, 1905; abstract, E. and M, J,, 
7, 1906, p. 314. 

Loc. cit. § E, and M. J,, Dec. 15, 1906, p. 1115. 

D. K. dark, E, and M, «/., Nov. 24, 1906, p. 906. 
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than to the particles of gangue. Absence of vibration is essential to all the 
flotation processes, for a slight shock is sufficient to detach the gas bubbles, 
and the sulphide particles then fall. 

The Potter Process.—This process, in use at the Block 14 * and 
other Broken Hill properties, depends for flotation of the sulphide particles 
solely upon the generation of bubbles of carbonic acid gas from particles of 
calcite and chalybite contained in the ore; which as soon as disengaged, 
owing to the higher ‘‘ angle of wetting ” of the particles of metallic sulphides, 
leave the carbonates and attach themselves to these, floating them to the 
surface of the bath. 

The dry tailings from wet 

concentration ('.rushed to 30- I 

mesh are fed into a square 

pyramidal box, shown in Fig. (f \ \ * ^ ^ ^ 

306, built of 2 inches X 10 \ J I 

inclies Oregon pine, suitably 

braced by iron rods and lined ® | | IF 

with sheet load called a. ® ^ 

pan,'^ in which is a dilute 1| i m 

sulphuric acid of 1 to 2 pew M W ! nv 

cent, strength. The solution U P , ll 

is kept hot by means of steam p I m 

passed in through a 2-inch r ii/ 

leaden pipe reaching to tlu^ I J 

bottom of the vat, whe.rc it is v4'^_ I m 

suitably perforated, whiles an- I 1 ^ 

other similar pipe brings in Vf I ' / 

sufficient hot solution to Ml' // 

maintain a constant overflow. \k « llJr%.// 

A baffle plate of lead reaches Vi ' ^ 

two-thirds of the way to the M ' m 

bottom of the pan, so that tlu^ v\ I , M 

whole of the pulp has to pass fc) & // 

below its lowcT edge before*. otc H 

the sulphide partic'les can get ^ 

a chance to rise, ihe tern- * ^^H'^pokthroughPiu^ 

perature of the*- solution must» 

be kept above 60'^, and pre- .. § 

ferably at about 80"’, in order 
to secure good results. The* 

concentrates with bubblers of gas attacked rise through the solution and 


P<uUt to catch 
&tuftcs, otc 




Pegulus Msta/ Seat' 


I throughPiu^ 

4 "*' 


Sca/e 

Q & 10 ISJas, 


B^ig. 306. 


overflow into a wide laundew at one side of the vat, together with a 
certain amount of fine slimt* c.onbiined in the pulp, while the tailings sink 
to the bottom a.nd are discharged through an opening in an antimonial 
metal (90 per cemt. Bb, 10 per cent. Bb) seating, closed by a plug of the same 
material in wliicdi is a |-inch hole for ordinary discharge purposes, while the 
whole plug can b(^ dropped by means of a lever to let out stones, &c., acci¬ 
dentally blocking the opening. These plugs last about 48 hours, during 
which time the original |-incli orifice becomes enlarged to 1| inches. The 
K and M. J., Aug. 19, HK)r>, p. 289 ; M. and .V. P., Juno 8, 1907, p. 728. 
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tailings are run into trucks, and the overflowing solution run to a sump. 
Tke concentrates (cMefly zinc) overflow from the vats gently, and are dropped 
suddenly into a plug-bottomed vat, where the gas bubbles become disengaged, 
and whence the settled concentrates discharge into trucks beneath. The over¬ 
flowing solution runs through settling tanks, where it deposits any remaining 
concentrates, together with the slime floated off from the original material 
treated (the sediment from which tanks is treated on Wilfley tables), and 
then flows to the sump, where a submerged centrifugal pump made of anti- 
monial metal raises it back to the solution vats. More recently an air-lift 
pump has replaced the centrifugal. 



The treating capacity of each vat is about 8 tons per hour. The following 
figures are an average of six months' results with the process at the Block 14 
plant:— 



Per cent, of 
Total. 

Per cent. 
Pb. 

Per cent. 
Zn. 

Ozs. Ag. 

Original tailings (from bubbles), 


5-8 

15*6 

6-6 

Concentrates,. 

25 

6T 

42*0 

11’3 

Percentage saving, .... 


25 

67 

42 
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The costs were as follows, per ton of material treatedAcid, 3s. 3d.; 
labour and supervision, 3s. 5d. ; transport of tailings, Is. 3d.; coal, Is.; 
water, 6d.—stores, 3d. ; total, 9s. 8d. per ton of original material, or about 
£2 per ton of concentrates produced. 

These costs appear very high, particularly that for acid ; the consumption 
of acid was 30 lbs. per ton of tailings treated, costing £11 per ton, which could 
be greatly reduced by manufacturing the acid required on the spot; the 
labour cost is also out of proportion to what it would be in other districts 
or with better arrangements. 

The modified Potter process,* now employed for treating ores of both 
lead and copper, uses much less acid than the original process, and combines 



Fig. ,308.—Plan of Potter Process Vats. 


with the acid a certain amount of oil. In the latest form of the process 
the acid used for Broken Hill ores is only about 0*6 per cent, or 12 lbs. per ton, 
and heavy oil is also used in the proportion of 0*5 to 0*8 per cent., equal to 
from 10 to 16 lbs. per ton of ore. 

The latest form of appliance for this process is shown in Figs. 307 and 
308. The acidulated solution is circulated continuously through the 
separating vat ah c de f, and the sump vat g, by means of the centrifugal 
pump A, being heated to boiling by injection of steam in the compartment 
a of the separating vat. The oil is mixed dry with the finely pulverised 
* Private communication, T. J. Greenway, May, 1909. 
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ore ground to 46-mesli size by mea,n8 of tube” or in nnv rcniveiiieut 

form of dry mixer, and the oiled ore is, by itn^ans of tlu‘ fettling trough l 
fed continuously into compartment Ik when^ it. mt‘ets with an anoeiuling 
current of the heated acidulated solution. The gaugue sett h‘H in rompartnumt 
b, whence it is discharged through a valvt* into draining trurkn* frcnn which 
it is tipped on to the floors o. The floating sulphides are carried tamtinuously 
by the flowing solution into the settling compartments c, d. nml wher(\ in 
consequence of the cooling of the soluthm a,nd the <liHengagontent of the 
attached gas, they sink, and are eollectini and draimal in tlie Hiime manner 
as the gangue. The solution freed from tlu^ flotation pnahuds passes dtnvn 
shoot / into sump vat y, from which, afttu* the disposition of aiiv suspended 
matter, it is pumped into eompartment n, to Ih‘ again usetl fi»r treating 
further quantities of ore. The aidd consunual is rtqdnced !»v adding tlie 
required quantity to the sump vat. 

The first concentrate from Brokcm Hill on^ lupt being eleaii, on ueeount 
of entangling sand tailings, is retreaded by tin* same pripcess, tin* second 
concentrate is passed through a continuously fed tube ndort to Inirn of! the 
oil, and is then treated on Wilflev tables, yiedding marketable Io;itl and zhu* 
concentrates. The costs of treatnuud. an‘ about as fidhovs : 


Pine grinding, 

Labour, ateatn, and royalty, 

Oil, say, 0’5 per cent, at £8, 

Acid, say, O’d per cent, at £(5, 
itetreatment, 50 ])cr cent, at 4 h., 
De-oiling and vanning, 50 pin’ cent, at 


li. 

1 n 

:i 0 
0 10 
0 8 

2 0 

I 0 


iCt. oa. 




The Delprat Process.— This process, nvvvr (\HMeidiall> liilltn'md from 
the Potter process, became latm* so like it. in tletail ilmt riHtsidm'nbh* 
litigation ensued between the two companies owning tlie respectivi* piitents, 
who finally compromised tluur ditTereui’es in an agrcmticid t<» join forci^s. 
The original Delprat patent wuh for tin* use* of a. strong acid scdiilion of salt- 
cake, the spiHufic gravity of which woulrl, if w an f*?(-pected, 
materially assist tin* bubbles of gas in buo\’ifig up the 
particles of sulpldde miin‘ral.M, nml so faciliiitfe a gmal 
separatioxi. In pra.cticc*, liowevcr, tin* usi* uf snlt-cakt* 
was soon given up, and a certain amount t»f ctmimon salt 
was added to tln^ dilute sulphuric* acid (uupbived in the 
Potter process, but it has lH‘en found thid tin* advan¬ 
tage obtaimal from the* um* of salt or salt-oakc* is by 
no means sidlicieni to compemsate* for the inoriuwed cawt. 

The pyramidal vats mnploved bv tlie Broken Hill 
Proprietap'' (hmpany * for the Delprat-Potior process 
were, until recently. I f<.e( I inehcK l>y a feet K) iin-hes 
at top, and 1 feet 8 inelieH di'ep, and differ from tlioHc of 
, . .the original Potter proeeas at the Bhiek If, c-hiellv in 

bemg provided with a blind pocket, into which hPiuch, holla, mit,M, Ac..Can 
tall and 1^ retained without interfering with the operntiou of the [ting, ns 
shown m Fig. 309. ' 

* E. arid M. J., Feb. Iti, liMIT, p. :)21. 



Fi^. 309. 
Flotation Vat 
(Delprat Process). 









FLOTATION PKOCKSSES. 


509 


These vats were, like those at Block 14, formerly lined with sheet lead, 
hut they are now made simply of wood unlined, and much larger and 
deeper, 9 feet square by 16 feet deep, the larger size giving better results. 

The solution is introduced through iron pipes, and is heated by means of 
superheated steam a.t a. temperature of 260° P. 

The overflow of the va,ts is to right and left, and the overflows from 
the whole series of vats eollec.t into one launder, which is led successively 
into one or other of a series of settling tanks, where the gas bubbles are dis¬ 
engaged and the concentrates settle out, to be subsequently washed with 
clean water and drained. 

The bottom discluirgc from the vats delivers on to a troughed conveyor 
belt 3 feet wide set at a slight; inclination, whicli carries off the tailings to he 
eventually used for tilling below ground, while the solution drains back to 
a sump, from whicdi air-lifts rectum it to 
the solution storage tank at tlu'. head of 
the process. 

This Broken Hill Proprietary plant 
is well laid out for labour saving, ()n(‘ 
man looks after si.x spitzkasten treating 
10 or 12 tons per hour each, and, with 
the exception of opening and closing 
valves, &c., everything is movcul me- 
chanicaBy. 

It is currcuxtly r(‘port(‘d ^ that the 
Proprietary (bmpany is now using oil 
in connection with the PotUT procuvsH, 
in order to assist flotation, the amount 
mentioned being about 31 lbs. per ton 
of tailings trtuited. 

The Bo Bavay Prooess.- In this 
process the ore, first agitated with 
water and (X)o (obtained fr<un cdum- 
ney gases) in a suitable cIosihI cistern 
under slight pressure to tlu* condition 
of a thin paste, is fed, by itumns (jf a 
long feed roller, over a long lun'koiital 
lip by the aid of a. thin strc‘am of 
additional water, which distrihuteH it Fig. :M0. I)c Bavay Process Plant, 
over the surface of a smooth mt*tal 

tabh‘. inedined at 35** to the liorizontal, and furnished with three staggered 
rows of tongU(‘s, whicii complcdc^ and adjust the distribution. The thin even 
stream of pidp thus obtaiiual is fcul upon th(‘ surface of wniter contained 
in a small liorizontal trougli with an overflow lip running its full length, 
and providial with a s(q>arate watc‘r supply. Part of the sulphides float 
uf)(>u th<‘. surface^, of t.he water, which overflows the delivery lip, carrying 
with it th(‘ floating pnrtieh‘H by an inclined gutter to a suitable bin. 
The ganguc‘ minerais with tlu* rest of the sulphides that have settled 
through the wai(*r atH‘ recedved u|Hm a slowly itioving imdined belt (‘onveyor, 
which carries up the pulp to a camvenhuit height, and dedivers it into a V- 
* M. <md iSV, April U, 1908, p. 494. 
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launder, where, after the addition of more water, it is again delivered on to 
an inclined table, and the flotation upon the surface of water repeated; and 
so on in cascade form as often as may be required to effect a complete 
separation, and in any case three times. 

Fig. 310 * shows, in diagrammatic section, a portion of the apparatus 
employed, A being the feed-roller in its feed-box with lip B, C the inclined 
shoot leading therefrom to the adjustable feeding-table B, E the trough 
with its lip F and gutter Gr, and H the conveying belt for “ repeating'' the 
unfloated position of the pulp. 

The above is the original form of the apparatus introduced at the North 
Mine, Broken Hill, and careful trials on a small scale indicated the possibility 
of extracting from carefully selected pulp free from slime and graduated 
between 40- and 80-mesli nearly all the zinc and 75 per cent, of the lead and 
silver in the form of a concentrate assaying 44 to 46 per cent, zinc, 11 to 14 per 
cent, lead, and about 15 ozs. of silver. Although not at liberty to give details, 
the author understands that the results on a large scale have not quite come 
up to expectations, and that somewhat extensive alterations in the plant 
have proved to be necessary. In particular it is stated f that COo is no 
longer used, but has been replaced by a solution of SO 2 made on the ground, 
and further acidified by an addition of 5 to 10 lbs. of HoSO^ per ton of ore. 
Agitation is completed with air under 60 lbs. pressure, and an oil emulsion 
is added in the agitation vats to assist flotation. 

It will be seen, therefore, that all the flotation processes have come round 
to the use of oil in one form or another. It should further be noted that 
none of them appear to do much good on true slime, all requiring a fine¬ 
grained granular “ meal-size pulp in order to show good results. 

The new Elmore vacniim process may be regarded as a combination 
of the old oil process with the bubble processes, oil being still agitated 
with the pulp, in order to grease the surface of the metallic sulphide 
particles, though not to float them afterwards. Flotation is brought about, 
not by the attachment of bubbles of COo generated by the action of acid 
upon carbonates, as in the Potter-Delprat processes, or introduced into 
the pulp in gaseous form, but most ingeniously by the attachment of 
bubbles of air and other gases dissolved in the water, which, by the action 
of a vacuum, are not only liberated, but are caused to expand, thereby 
greatly increasing their buoyancy. It is found advantageous to add a certain 
amount of acid to the pulp together with the oil, because, in some hitherto 
unexplained way, it appears to increase what, for want of a better name, 
may be termed the “ selective action of the oil upon the metallic particles. 
The quantity of oil required for the process is much smaller than that 
employed in the old Elmore process, on the other hand there is no recovery, 
as practically the total quantity used remains with the concentrates. The 
total consumption may be from 4 to 12 lbs. per ton of ore treated, while 
that of acid may vary from nothing up to 8 or 10 lbs. per ton for good results. 

Fig. 311, in diagrammatic section, shows the modus opemndi of the process. 
The ore is first crushed wet to pass a screen of 20- to 40-mesh by means of 
stamps, Huntington mills, or other appliances, and the pulp from the mill 
flows into the mixer. A, into which also, at the point B, small graduated 
streams of oil and of diluted sulphuric acid are introduced. After agitation 
* E, and M. J., Aug. 25, 1906, p. 344. ^ M. and Sc. Press, April 11, 1908, p. 494. 
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the pulp flows into tlie open funnel of tlie feed pipe D, wliicli at first turns 
down and then vertically upwards for a distance of about 25 feet, forming 
the short leg of a syphon, of which the tube F is the long leg, having its outlet 
sealed in the pointed box H; the other long leg E has its outlet sealed in 
similar fashion in the pointed box G. 

j 



The top of the syphon is formed by the conical separating vessel I, of 
cast iron and thick glass. To it is attached the pipe J, which communicates 
with the air pump, and so forms the vacuum. This vacuum is the foundation 
of the process, as it generates the bubbles and gives the power for circulating 
the pulp. By the action of the vacuum the pulp, rising in the feed pipe B, 
fills the separating vessel I, and if the down-flow through the tailings-pipe 
F be slightly throttled a small quantity of the water is caused to overflow 
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the lip of the ariDular space at the top of the chamber, carrying with it the 
thick scum of oiled concentrates. This scum, buoyed upwards by the 
continually expanding air-bubbles, collects as a spongy mass at the very top 
of the apparatus. The concentrates that overflow the lip are carried down 
the pipe E by the water, and settle in the pointed box G*, from which, at 
intervals, they are discharged into a centrifugal separator, and there dried. 
The sandy gangue matter of the pulp settles on the flat bottom of the chamber 
I, where it is stirred, in order to disengage any particles of concentrate 
mechanically entangled, and at the same time gradually worked towards 
the circumference with its (generally multiple) tailings-pipe exits by means 
of the angled rake-blades, which are caused to revolve by the worm and 
wheel at M. The annular space at K is surrounded, in the small machines, 
by a glass cylinder, while in the large ones it is provided with heavy plate 
glass windows, so that the discharge of the concentrates over the lip may be 
observed and controlled. It is obvious that, so long as the vacuum is 
maintained and a constant stream of pulp is supplied to the mixer, a 
continuous and quite automatic separation and discharge of concentrates 
and tailings will be secured. 

The conical separating chamber is usually made 5 feet in diameter, and 
the power required for operating such a unit of plant treating 35 to 45 tons of 
ore per twenty-four hours, apart of course from that required for crushing, 
is usually not over 24 to 3 H.P. 

The percentage of extraction varies a good deal, but is always fairly high. 
It is adversely affected by the presence of a considerable quantity of calcite 
in the gangue, which prevents the maintenance of an acid solution ; whereas, 
when treating ores free from calcite, and particularly when using acid mine 
waters, the recovery is very good. 

At Tywarnhaile (Cornwall), when treating low-grade pyritic waste dumps, 
the average pulp assay of which was only 0*41 per cent., a concentrate was 
obtained of 8*18 per cent, copper and tailings of 0*13 per cent., showing a 
sa\Tng, even on this very poor material, of about 68 per cent. 

At Dohoath an ore containing 2*41 per cent, copper yielded concentrates 
with 17*4 per cent, copper and tailings with only 0*23 per cent, copper, showing 
a saving of 92 per cent. 

At the works of the Zinc Corporation, Ltd, (Broken Hill)* zinc-bearing 
“ tailings'' from jig-concentration mills are crushed by means of wet-grinding 
pans through a 30-mesh screen, and the pulp passed through machines of 
the general design of that shown in Eig. 311. The plant is arranged in units, 
of which there are sixteen, each consisting of one wet-grinding pan, agitator, 
mixer, and vacuum plant, and the capacity of each unit is from 40 to 45 tons 
per day. The sulphuric acid required is manufactured on the spot by the 
Carmichael-Bradford process,*!* and the consumption of it is from 10 to 20 lbs. 
per ton of material treated ; the oil used is Texas fuel oil, and the consumption 
is from 6 to 8 lbs. per ton. The recovery of lead and zinc sulphides by the 
vacuum process is good, the tailings (consisting chiefly of garnet, rhodonite, 
and felspar, with some quartz) being remarkably poor. The mixed concentrate 
at first obtained, however, proved saleable only at a low figure, and accordingly 
it is now separated into two products by passing it rapidly through a furnace, 
in order to flash off the oil, and then stirring up with water and running the 

♦ Min. and Scientific Press, March 13, 1909, p. 392. f q.v., Chapter vi. 
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pulp over Wilfley tables. There is a certain amount of loss, due partly to 
oxidation in the furnace and partly to the production of about 3 per cent, 
of slime which is lost on the Wilfleys, but the improved prices realised for 
the separated products much more than compensate for the loss. The 
following figures show the average composition of the original pulp and of 
the products :— 


' , Zinc. 

Lead. 

Silver. 

1 

Original pulp,.20 % . 5‘75% 

Vacuum concentrate,.43 % 11 % 

Lead concentrate from Wilflevs, . . . 15 % | 58 % 

Zinc „ „ " . . . ; 46-5% j 7*25% 

1 

8 ozs. per ton. 
17 

39 

16 


The total recovery is said to be 90 per cent, of the zinc, 73 per cent, of the 
lead, and 85 per cent, of the silver. 

The costs of working are said to be— 


s. d. 

Grinding,.1 3.96 

Vacnum process,.2 4.00 

Drying and de-oiling,.1 3.64 

Wfifleys,.0 7.48 

-5s. 7.08d. 


The Macquisten Process.*—Tliis process does not use any oil, air- 
or gas-bubbles, and does not even require the ore to be first dried. It 
simply depends upon presenting the particles of mineral to a surface of 
water at a suitable angle a sufficient number of times. 

The essential part of the apparatus employed is a cast-iron cylinder 
about 6 feet long X 1 foot in diameter, supported horizontally by means 
of rings on four small rollers, and weighing about 450 lbs. The discharge 
end of the tube is open, but extends into a separating box, by means of which 
and of a water-tight joint the level of the water in the tube is kept about 
3 inches above the bottom. The inlet end of the tube is closed, except for 
a hole large enough to admit the pulp-feed pipe. Inside the tube is cast a 
series of helical ridges, | inch wide and J inch high, and inches apart, 
which thus form a series of fiat grooves in which, as the tube revolves, the 
particles of ore and gangue are raised and rolled or slid back upon the surface 
of the water in the lower part of the tube. In practice the tube is revolved 
at about 30 revolutions per minute in the direction of the helix. Some 
particles of sulphides are so comparatively difficult to float that even after 
passing through four such tubes in series they remain with the gangue and 
refuse to float, but the vast majority are floated after passage through only 
two tubes in series. 

The separating-box has an overflow directly opposite the mouth of the 
tube, over which water flows in a layer only inch deep, carrying the floated 
sulphides to a concentrate tank, and a bottom discharge which takes the 
gangue either to the waste launder or to a second or further series of tubes. 
Each tube has a capacity of about 5 tons of ore per twenty-four hours. 

At the Adelaide Reduction WorTcs, Golconda, Nev,, chalcopyrite ores 
* E, and M, Oct. 26, 1907, p. 765. 
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containing 2-2 per cent, copper are crushed hy uiciin.'. of .■.!<inc-lire»ker and 
rolls to J-inch to |-m(‘li size, ami %lmi hr means Ti feet Ihintingtnn millg 
to lO-mesh. size. The delivery from the Huntini^tefis to spitzkaHtan, 
which eliminate slimes, and the undetilow fnnn them is passi-tl nvn^ :it)-mesh 
Callow belt screens, the over-size being re-erunlieti in liiiiitington milk 
Dewatering tanks deliver the pn!p t<» a series of 2b tiilit-4 in {landle!, from 
which it passes successively tlirough three similar iSeries nf ^tubes. Tlie 
concentrates from all the tubes flow thriUigli lauudt*rs to ^autliim tanks at 
either side of the mill, and the watiT from these, ii^i \udl from the liuliugH' 
dumps, is returned by means of eentrifugal pumps for n* im\ It beeomes 
more efiicient by repeated use, but wliether the im’reiisi* in surfiiee tension 
is due to the formation of a small tpiantity id free arid or fo a gnidual inemise 
in mineral salts dissolved has not yet been liseertiiitiiHl The amount of 
power re({uired for the tubes is very imndi Ie,sH than f«tr jigs and tables. Ora 
containing 2*2 per cent, copper is tumeentratiHl in the nitio of 11 to 1, yielding 
a concentrate assaying 22 per cent, of copper, and liiiliiig/i of only tl*2 per 
cent, copper. This is equivalent to an e^lniction id iiboiit !HI per cent, on 



the sand or deslimed portion <d the pulp. An in a!! the fliitiitiitn proi-ew«»s 
fine slime seems to be not adapted to triuitmeiit, ami an the iiimiunt ui it is 
about 30 per cent, by weight of the original ore, and it a mmiy value k about 
equal to that of the original ore, the aelmil extriiclioii by the preresa k only 
70 X 90 •»- 100 = 63 per cent, of the copper t-mitentu of tlii^ ortginid ore. 
Fig. 312 shows a single tube and separating tmx. 

This simplest of all flobdion proeesaen appi*iira to hii%’e a possilde field of 
usefulness in connection with separations of unaltered sulphide ridnends 
from gangue, but it Beems to b<^ very doubtful if the nepiinition mniild be as 
complete in the case of a Hulphkle like blemte as it miplii be, for example, 
with pyrites or chalcopyrite. 

The ^Murex Magnetic Proo©i8,**''-Thia proreiw m nienfioned here 
because it is a combination of the magnetic and flotntioii proeeases. A 
generalised view of the plant is shown in Figs. 313 and 3M, The essential 
feature of the process is the thorough incorporation with Idte pulp td a eertain 
small quantity of oil partially charged but not I’ompletely loaded with finely 
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ground magnetite. The result of thoroughly iueorporatiug with the pulp 
this so-called magnetic '' fluid’' is to coat- the sulphide particles with a thin 
film of oil and magnetite, or rather perliaps to cause them to form, under 
the influence of surface tension, composite uggreaates witli tlH‘ partich‘s of 
magnetite. As soon as they come under tht‘ attraction of the magnet 
under which the pulp is fed by the curved shoot slunvu, tht‘8t» behave as 
magnetic particdes, and are carried, by the travtdHug belt shown, ov(‘r the 
partition separating the sand from the mtdal tanks, in the latter of which 
they subside, such of them as remain clinging to tin* belt bidng whsIumI off 
by a fine water spray above. 

Tests on Broken Hill ores from the Britisli IVliiu^ that by or<linarv wet 
concentration methods yield filings still c‘ontaining fvl pt‘r <amt. hnuh 15*7 
per cent, rinc, and 5*9 ozn. of silver per ton hIiowcmI that the *Murc‘x process 
left in the tailings only Ifi per eent. lead, 2*1 ptT ctmt. 2 ;iuc, uml 1*95 ozs. of 
silver per tom 

The separation of one sulphid(‘ mineral fnun nmdher is said to be 
effected to a degree (|uite commercially successful by means of athlitions of 
certain salts to the emulsion of magnetite and oil, sulphate of alumina being 
one of the salts that is said to give marvellous results. 

Hitherto the process may be ssid to be still in the experimental stage, 
but it is probable that it will he seen at w<u*k on a ecmimercial Hcah‘ bidore 
long. 

As in the case of all other mechanical separatiim prot‘«*ssf*s. botli wet and 
dry, the greatest bugbear is the presence of tim* slitne in tin* pulp. Although 
a close saving and clean tailings are shown when treating, fairly evtady-sis^ed 
fine sand and meal particles, the na’overy on tlm^ slino’s appears to bt* no- 
better than tluit shown by most other processt^s. 
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Aabon, 467. 

Absorption on cupel hearths, 437, 474. 
Abstrich from cupelling furnaces, 367w 
„ softening furnaces, 432. 
Abzug from cupelling furnaces, 432. 
Accretions, Composition of, 290. 

„ Furnace, see Hangirigs and 

Zinc. 

„ Removal of, 260. 

Adelaide Reduction Works, 513. 
Agglomeration in roasting furnaces, 68. 
Aguascalientes, Casting at, 265. 

„ Smelting at, 312, 315, 320, 
Air-cooled hearths, 54. 

Air-cooling of furnace gases, 339. 

Air-supply to blast furnaces, 137. 

Aitken on dust condensation, 341. 

Akerman, 152. 

Alexander, volumetric lead assay, 459, 461. 
Alloy press, Howard, 415, 416. 

„ see also Zinc-crust. 

Alloys, Antifriction, 7. 

„ of lead, 3-7. 

„ Zinc and silver, 413. 

„ Zinc-aluminium, 410. 

Altai, Barytic mattes in the, 147. 

Altenau, Absorption at, 437. 

„ Corduries’ process at, 417, 418. 

„ Silver crusts at, 411. 

Alumina, Analysis for, 476. 

„ in lead slags, 145, 159, 160, 161. 
Aluminium, as impurity in lead, 6. 
Aluminium-zinc, Preparation of, 410. 

„ Use of, in desilverisation, 

410. 

„ Use of, at Hoboken, 410. 

American Carinthian furnace, 29, 30. 

„ circular water-jacket furnace, 174. 
„ liquation kettle, 413. 

„ ore hearth, 54. 

„ slag pots, 206. 

„ smelting, 310, 321. 

„ softening furnace, 370. 

Analyses of antimony skimmings, 376, 450. 

, „ black slags, 48. 

„ blast-furnace charges, 234, 238, 
239. 


Analyses of charge in Flintshire furnace at 
various stages, 35. 

„ commercial brands of lead, 4. 

„ complex lead ores, 66. 

„ copper dross from softening 

furnaces, 376. 

„ cupellation products, 450. 

„ drosses, 264, 376, 384. 

„ flue-dust, 63, 336, 418, 450. 

,, furnace accretions, 290. 

„ „ gases, 291. 

,, „ leads, 264. 

„ „ products, 303. 

„ grey slags, 46. 

,, hard or antimonial lead, 384. 

„ lead, 454. 

,, lead mattes, 273, 297, 298. 

,, lead slags, 156, 157. 

„ LeadhiBs ore hearth slag, 52. 

„ Leadville sulphide ores, 22. 

„ liquated zinc-crusts, 411. 

„ litharge, 449. 

„ ores and slags, 474, 477. 

„ ores for blast-furnace smelting, 

140, 232. 

„ pigment, 63. 

„ products of Corduries’ process, 

418. 

„ „ of Lewis and Bartlett’s 

process, 63. 

„ rich lead, 418. 

„ „ oxides, 418. 

„ roasted lead ores, 140. 

” slags,’l50,*162, 232, 298. 

„ speisses, 278. 

„ work-lead, 267. 

„ „ before and after 

liquation, 365. 

„ zinc crusts (liquated), 411. 

Andreasberg, absorption in cupelling fur¬ 
nace, 437. 

„ furnace leads at, 264. 
Anglesite, 13, 19. 

Anthracite in the blast furnace, 135. 

„ see also Culm. 

Antifriction alloys, 7. 

Antimonial lead, 3. 

„ „ Alloys of lead and, 3, 4, 8 
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Antimonial lead, AUovh of tin, copjM'r, anti, 
7, 8. 

„ AualyneH of, .184. 

„ al Port Pirie, 1H1, 

„ Prodiietion of. .18 L 
„ slag at Port Pirit‘, 1S1. 

Antimony, 29, 412. 

Antimony, C-ompounds of 
in the blast furnaet*. 144, 
in roasting, ti7, <18. 

interfering with desilvt'risiUioii, KKl, 18t>. 
397, 410. 

Antimony skimniings. 1(U5. 174, 177. 4.'8K 
„ „ al lh)rt Pirie, 17H. 

„ „ Treatment t»f. 177, 

17H, 


tur obri .iu4 la mate» 

ihil. 

,, oilfifint. I.b’ 

n!ie, IT«* 

A>r,rty«, :I2T, 120 

Atin*<'4ph«'Je nrr'i?iWfe, Kifr.'* nf, uti rHiu. 
liii-itiMfi, Iltl, 

Atoiitir \ttitttnr i%Hti tti’ijllit sif lead, 2 
Aufttra 187* 270, :il2. 

Ill, i:io, im, I*t\ 7t:i, :ib). 

\llloinalie fafi. r4|i, 

1 


Antofagasta, 191, 117, 

Apparent and real smelt mg IcKHst^n, 129, 4 lib 
„ losses in smelting, 121-110. 

Arents’ automatic or syphon tap, 07, I HI. 
Argali, 474. 

Argentiferous lead, 1. 

Argentine, Composition of leatl at. 4. 

„ Roasting furnace at, 92. 

„ smelting works, 

Argo, 285. 

Arkansas Valley smelting works, 221, 224, 
228, 274, 310. 

Arseniates, 144. 

Arsenic, 29, 23(1. 

„ Alloys of lead and. 5. 

„ Analysis for, 477. 

Arsenic, Compounds of-* 
in the lead blast furna<'e, 144. 
in roasting, 68. 

influencing dosilverisatitm, 160. 


:I49, :IA|, 4hA 

, Biigiltf, At, I2>i 

I Fltir»ilitsf »!, tUik 

Baker t4*earr, ItiT* 201. 

^ Balkul, tbii' Ilf nlAg ATf. 28tl, 
flWIing, I2!t, lAd. 278, lllfl, Us, m, 

! llalliMiit tlnt% 14o. 

I Biirmm "iiilplnde itt trad 147. 

** Barring ihniti," 2tk|, 

Barf let I, 1148; aliii 4’ ikiftkii 

Baffle!C’J lennB^aiie |ngll|e«l» 4H:I 
i ,, linwaj* 4H1. 

. „ fliriwre* 181, 4H4, 

Barvfa tn lead ilT. 161. 

I Biiryte.-i, 2H, M7. 

! Bii!4ednillttiit, I'iH, 2X1, 2611, mn^ almi 
M 

I „ Aiialy «d, 2*14. 

j ,, rri'^Atnoi *4, 


interfering with Parkes prooess, 397, 

„ „ Pattinson proct^ss, 186. 

skimmings, 412. 

Arsenides, 144, 279, 280. 

Ashcroft, 288, 496 ; see also ^wintmrnf. 

„ electrolytic nrocesH, 49. 76. 

»» „ uiflicultieH of, 297. 

Ashley, 164. 

Assay for arsenic, 477. 

„ copper, 477. 

„ iron, 475. 

„ lead 458-463. 

„ „ Colorado method. 459. 

» „ iron crucible method, 45B, 

» „ volumetric method, Alex¬ 

ander, 459, 461. 

» „ volumetric method, Knight* 

461, 462. 

„ „ volumetric method. Low 

462. 

„ „ von Schulte and Low, 460. 

„ lime, 475. 

„ manganese, 476. 
silica, 475. 

„ silver and gold by crucible, 461. 

„ silver and gold by scorificatiem, 


„ llriithrrtmlitiit by nufad* 
kill III* l/fll* i:i2. 

„ «f. iiy Parkw 

1li7» 

„ Ilf, by Pfttt4ii- 

•«*« null, 

Bfiw 111 I lib 
Biumr. 347,^3511 

Battxilr liriek tm m^lrmnn Btfiiftre4, 170. 
171. 

Bayley, 264, HiH, :i74. 178, Mlk Bill, -120, 
425, 426, 428. 44*i 
Beartkley, tin. Hi/*, 

Ikarisfig met*l H, 

Bl:»tlli, 15. 

voluniefiie leail 46L 

IbdL Mir Ijiwflikn, IXI. 

Ibdlom, l». 

Ikiinetl, 2611, 1*11. 

BfOiiietfs-dtiniM nkg 1*1 it* 2<I8. 

Ikriiiger. 45H, 4tMI, 4«i:i* 477. 

Ikrthief* 12, I4L 412. 

ikHfMom^rkalioii of 16J. 

Betti, 452, 451, 4511, 

451. 

Eeitdaitl, III, 

Eiffictallie itiieller, al, MIL 
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Bingham Junction Works, Blast-roasting at, 
123. 

„ „ Casting lead at, 

265, 266. 

„ „ Gas filters at, 

349, 350. 

„ ,, Labour at, 318. 

„ „ Mechanical feed¬ 

ing at, 251. 

,, „ Separation of 

matte at, 223. 
,, „ Smelting at, 314. 

„ „ Sulphurous gases 

at, 356. 

Bischof process, white lead, 10, 11. 
Bisilicate slags, 149, 152-154, 155. 

Bismuth, Alloys of lead and, 5, 8. 

„ concentration in cupellation, 436. 

„ „ Pattinson process, 

388, 389. 

„ extraction in silver-refining, 438. 

„ Influence of, in desilverisation, 

361, 386, 397. 

Bisulphite processes, 492-496. 

Black slag, 47, 48. 

Blake, 444. 

„ furnace, 99. 

Blakemore, 409, 426, 429, 445. 

Blast, calculation of amount required, 244. 

„ for cupellation, 446. 

„ gauge, Correct use of, 258. 

„ Machinery for, 167. 

„ pressure, 138, 202, 203, 244, 258. 

„ required for cupellation, 435. 

,, „ furnaces, 200, 202. 

Blast-furnace charges, Calculation of, 232- 
241. 

„ „ Reactions of, 129-148. 

„ gases, Composition of, 138. 

„ „ Temperature of, 138. 

„ Reduction in the, 137. 

„ slags. Composition of, 154- 

162. 

Blast-furnace smelting— 

Cost of, at Denver, 319. 

,, in Australia, 320. 

„ in United States, 320, 321. 

Examples of, 292-317. 

Aguascalientes, 312, 315. 

American works, 310, 312. 

Antofagasta, 317. 

Bingham, 314. 

Broken Hill, 304. 

Casapalca, 316. 

Gausthal, 296. 

Dapto, 309, 312. 

Denver, 311. 

Ereiberg, 292. 

Fremantle, 308, 312. 

Goslar, 293. 

Lauxium, 302, 312. 

Mapimi, 316. 

Mazaarron, 299. 


Blast-furnace smelting—Examples of— 
Mechernich, 295. 

Monteponi, 301. 

Monterey, 312, 315. 

Murray, 311. 

Pertusola, 301. 

Port Adelaide, 304, 312. 

Port Pirie, 307, 312. 

Przibram, 299. 

Pueblo, 310, 311. 

San Luis Potosi, 315. 

Sullivan Smelting works, 309. 

Trail, 309. 

Utah, 312. 

Irregularities in, 259-262. 
cracked jackets, 284. 
dark tuyeres, 259. 
fine ore, 254. 
hearth accretions, 261. 
hot top, 259. 

obstruction of syphon tap, 259. 
uneven descent of charges, 259. 
waU accretions, 259. 

Losses in, 321. 

„ flue-dust, 356. 

„ slags, 285, 323. 

Objects of, 129. 
of roasted mattes, 275. 

Plant required for, 163-231. 
blast production, 167, 200-203. 
charging arrangements, 185. 
crucible and automatic tap, 183- 
dimensions of furnace, 179. 
feed floor, 186. 
foundations, 180. 
furnaces, see below. 

General arrangement of, 103. 

Height of, 165. 

jackets, 59, 187-189, 195. 

matte separators, 211, et seq. 

mode of tapping, 192, 193, 195. 

shaft, 184. 

slag pots, 206-211. 

slag spouts, 204, 205. 

syphon tap, 160, 167. 

take-off, 185. 

tuyere area, 165. 

„ nozzles, 197. 

„ ratio, 137, 196. 

„ valves, 199. 

tuyeres, number, diameter, &o., of, 
196. 

Principles, 128-162. 

Products, 263-291. 

Regular, 246. 

Working force required, 258. 

Blast furnaces— 

American circular, 173, 174. 

Circular, 168-174. 
disadvantages, 164. 

Large rectangular, 174-177. 
at Canon City, 484. 
at Clausthal, 171. 
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Blast fiixnaccs— 
at Eureka, 174. 
at Freiberg, 172. 

at Globe works, Denver, 177, 193. 

at Goslar, 167. 

at Great Falls, Mont., 177. 

at Laurium, 183. 

at Lower Harz, 170. 

at Mazzarron, 300. 

at Mine La Motte, 174. 

at Port Adelaide, 177, 180. 

at Port Pirie, 181. 

at Przibram, 171. 

Blast-gate, 200. 

Blast-roasting, 108-127. 

Blendes, 29. 

Bleyborg, silver crust at, 411. 

Block 10 Smelting works, 479. 

Block 14 Smelting works— 

Flue-dust bricking at, 358. 
furnace construction, 177, 180. 

Hangings at, 304. 

Non-formation of matte at, 30(). 
Oxidising atmosphere at, 129, 141, 305. 
Roasting at, 85. 

Slag composition at, 158, 306. 

Smelting at, 129. 

Blow, 20. 

Blowers, Furnace, 62, 167, 203, 204. 
Blowing-in, 244. 

Blowing-out, 245. 

Blowing-up furnace, 483. 

Blue powder from crust-retorting, 426, 430. 
„ from Lewis and Bartlett pro¬ 

cess, 59, 63. 

Blum, 17. 

Bolles, 270, 281. 

Boliche, 38. 

Bone ash for cupel hearths, 445, 468. 
Book-keeping, furnace, 262. 

Borate of magnesia for cupel hearths, 
445. 

Borchers, 110. 

„ process, 492. 

Bosh of jackets, 187. 

Bottle retort furnace, 420. 

Bottom crusts, 167. 

Bournonite, 11, 20. 

Bouhy, 28, 46. 

Boveroulle, 463. 

Bowman, 465. 

Boyd press, 257. 

Braden, 228, 285, 287. 

Bradford-Carmichaol process, 108, 110, 111, 
116-119. 

Brasque, 170, 172. 

Braubach, Zinc crust distillation at, 42(5. 
Bretherton, use of burnt lime, 133. 

Bricking of flue-dust, 357. 

„ ore-fines, 255. 

„ slag, 287. 

Brightening, 435. 

Brimsdown, Gupellation losses at, 449. 


Brimsdown, Water spray condensation of 
fumes at, 355. 

Brinsrnade, 85. 

Briquetting, 255, 357. 

Britannia metal, 8. 

, Broad head, 54. 

■ Broken Hill Block 14 Works, Flotation 
process used at, 505-508. 

„ Proprietary Company's works, 

U 6-118,* 478, 479, 508. 

,, (-onoentration at, 478. 

I „ Flue-dust losses at, 307, 357. 

„ Hard lead at, 384. 

„ Heat from slags used at, 288. 

I „ matte tap, 212, 213. 

j ,, ores, Silver in, 18, 19. 

' „ Ores smelted at, 66. 

I „ Sintering slimes at, 7(i. 

I „ Slag at, 159, 284. 

slag spout, 205. 

„ Smelting at-, 306. 

„ Softening bullion at, 373. 

Brown-Allen-O'Hara furnace, 90. 

„ -l)e-0amp fniue eolleetor, 349. 

„ Horse-shoe furnaces 90, 91. 

Briickner cylinders, 102-104. 

„ at (hu’mania works, IK), 

102 . 

Brunton, 66. 

„ furnace, 99. 

Building material, Use of slag as, 287. 
Bullion at Fremantle, 308. 

„ concent rates, 447, 448, 449. 

fall, 241. 

„ Hold in, 325, 327, 427. 

„ Scorilication of, 465. 

Burggraf, 5. 

Burnt lime as flux, 132, 133. 

Butte Reduction works, 98. 

Bye-products of— 
bag processes, ti3. 
crust-retorting, 428. 
cupellation, 450, 451. 
lead refining, 384. 
ore hearths, 58. 
reverberatory smelt ing, 46. 
softening furnace, 380-385. 

j, composition, 383, 

treatment, 381-385. 


C 

Calcination of lead ores, 33, 34 ; sea also 
MocLsting. 

Calcitc, 2^ 

Calcium, Alloys of lead and, 6, 7. 

„ carbonatx^, 133. 

„ ferrite, 145, 

„ oxide, 161. 

„ sulphate, 146, 

Calculation of charges, 232, et aeq, 

Campbell, 68. 
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•Cananca, Flue-dust at, 338. 

€anby, 147, 268, 285. 

Cap, 284, 299. 

Carbon dioxide, 291., 

^ „ in the blast furnace, 137, 

•Carbonate of lead, 10, 11, 20, 21. 
Carbonates, Decomposition of, 138. 
Carbonic oxide in the blast furnace, 137, 
138, 291. 

•Carinthian furnace, 29, 30, 44. 

„ process of lead smelting, 29, 30, 

31, 44. 

Carmichael, 110. 

•Carnelly, 2. 

Carpenter, 147, 2G9, 357. 

Cartagena, Analysis of flue-dust at, 336. 
Casapalca, Kiln roasting at, 75. 

„ Smelting at, 316. 

Castilian blast furnace, 168. 

Cast-iron water jackets, 188, 189. 

Cast-steel refining kettles, 364, 377. 

„ water jackets, 190. 

Casting lead, 265, 378-380. 

Catch-pots, 208. 

Catelin, 24. 

Cattermole process, 503. 

(,\‘ment for cupel hearths, 445. 

Centrifugal fan blowers, 204. 

VwYO de Pasco, Blast roasting al, 123. 
Cerussite, 10, 19. 

Chaleopyrite, 29, 143. 

Chalybitc, 28. 

Charcoal for smelting, 133, 134. 

Charges, Blast-furnace, 139. 

„ Calculation of, 232, ct aeq. 

„ „ softening furnace, 

374. 

„ for crucible assay, 4(i4. 

„ for Hcorification assay, 4{)4. 

,, for treatment, 330. 

,, Mechanical (sondition of, 254. 

,, Size of, 246. 

,, Uneven descent of, 259. 

,, Weight of, 235, 24(), 

Charging, Method of, 186, 186. 

„ Mechanical, 248-251. 

Chemical properties of lead, 2. 

Cherokee Lanyon Smelting Co., 314. 
Chicago, S., Electrolytic refining at, 453. 
Chisholm, Boyd, and White press, ^58. 
Chlorides, see Lead, 

ChloTO-phosphates of lead, 16. 
(hloro-Hulphides of lead, 16. 

Church, 143, 284, 357. 

Clark, 351. 

„ D., 115, 116, 504. 

Claudet, A., 268. 

Clausthal, Analyses of products at, 273, 284, 
298 336 

,, Blast furnace at, 171, 296. 

„ Composition of lead ores at, 66. 

„ Dross at, 384. 

„ Flue-dust at, 336. 


Clausthal, Heap roasting of matte at, 72, 
275. 

„ Lead matte at, 273, 297. 

„ Precipitation process at, 12, 129, 

296. 

,, Slags at, 284. 

,, Smelting at, 296. 

Clausthalite, 20. 

Clay crucible assay, 458, 459. 

„ Use of, for bricking flue-dust, 357. 

„ „ for repairing furnaces, 367. 

Coal consumption, see Fuel consumption. 

„ in the blast furnace, 135. 

Cobalt in cupel dross, 432. 

„ in lead matte, 277. 

„ in Parkes process, 397. 

,, in speiss, 278, 281. 

Cockle-Creek works, Electrolytic deposition 
of zinc at, 497. 

„ Roasting at, 85, 87, 115. 

„ Slag losses at, 326. 

Cofleyville, 486. 

Coke ash in charges, 236. 

„ compared with charcoal, 134. 

„ in blast-furnace smelting, 133-135. 

„ towers for flue-dust condensation, 346. 
Colorado works, Furnace gases at, 291. 

,, labour, Cost of, at, 319. 

„ lead assay, 459, 468. 

„ material, Cost of, at, 319. 

„ smelting works, 93. 

„ „ „ recoveries and 

slag losses at, 
326. 

„ type of roaster, 84, 85. 

„ Volatilisation loss in, 459. 

Colour of lead, 1. 

Commans, 18. 

Commercial assay for silver, 471. 

„ brands of lead, 41. 

„ lead ores, 20. 

Compass ring in cupel furnaces, 439. 
Concentration by magnetic separation, 514. 
„ of lead matte, 275-279. 

„ of load ores, 478. 

Condensation of flue-dust, 338 ; see Flue- 
dust condmHatio7i. 

Conductivity of lead, 2. 

„ of litharge, 8. 

Connersville blower, 203. 

Consumption of fuel, see Fuel consumption. 
Convertm*B, 108,112,113,114, 116,117,118, 
U9, 120. 

Cooling of furnace gases, 339. 

Cooling-pot, Tapping lead into, 263. 

Copper, Alloys of lead and, 5, S. 

,, Analysis for, 477. 

„ Antimony-tin-, alloy, 7. 

,, bottoms, 382. 

„ -dross, see also Dross. 

„ Composition of, 366, 378. 

„ Treatment of, 381. 
in the blast furnace, 143. 
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Copper in cupel-dross, 432. 

,, in lead-droas, 268, 271. 

„ Influence of, in desilveriaation, 360. 
„ „ in Pattinson process, 

386, 

„ -load matte, 382. 

Cordoba, Black slag at, 468. 

„ Flintshire furnaces at, 36, 37, 44. 

„ Flues at, 338. 

„ Heap roasting of matte at, 72. 

„ Lead smelting at, 45. 

„ Pattinson process at, 389, 394. 

„ Spanish blast furnaces at, 168. 

Cordurios' process, 362, 417. 

„ „ products, 0^>m position 

of, 418. 

„ „ „ Treatment of, 418. 

Cornish process of lead smelling, 30, 43, 44. 
Cost of blast-furnace smelting— 
at Aguascaliontes, 320. 
at Canon City, 48(>, 
at Denver, 319, 320, 333. 
at Deslogo, 38. 
at Fremantle, 320. 
at Globe works, 320. 
in the United States, 318, 321, 
333. 

Cost of converting, 115. 

„ hy Carmichael-Bradford 

process, 119. 

„ dcsilverising lead, 389, 390. 

„ flotation process, 507. 

„ handling charges, 246. 

„ Huntington-Hoberlein process, 115. 

116. 

,, refining by Parkes process, 334, 430. 

„ roasting load matte in heaps, 72. 

„ roasting furnaces— 

Brown-Allen-0’Kara, 90. 
Colorado reverberatory, 93. 
Heborlein, 90. 

Pearce turret, 92, 97. 

Ropp straight line, 97. 

,, sintering process, 127. 

„ smelting, 318, et .w/., 330, 331, 486. 
„ „ in ore hearths, 53. 

„ Tredinniek's process, 396. 

Cottrell process of condensing flue-dust, 352. 
Coueron, Flintshire furnaces at, 32, 33, 36. 
Cowley process for zinc pigment, 489. 
Cowpar system of flues, 345. 

Cowper-Coles process, 498. 

Cracked water-jackets, replacement of, 262. 
Croasdale, 232. 

Crocoisite, 20. 

Croselmire, 491. 

Crucible assay, 466. 

„ „ Charges for, 464. 

„ of lead blast furnaces, 166, 183. 

„ refining of silver, 437. 

Crusts, Bottom, 167. 

„ Zinc-, see Zinc-entsU. 

Crystallisation of lead slags, 149. 


“ Culm,” 39. 

Cup charging arrangement, 172. 

Cupel bottom, 450. 

Cupel-dross, Copper in, 432. 

Cupel-skiramings, Impurities in, 432. 

Cupellation, 432-452. 

„ Absorption, 437. 

„ Behaviour of impurities in, 432. 

„ Bye-products of, 451. 

,, comparison between English 

and German systems, 449. 

„ Bosoription, 432-433. 

„ Losses in, 359, 449, 

,, of base bullion, 359. 

,, of lead buttons, 468. 

,, on English systom-- 

examples, 447. 
furnaces, 438-446. 
mode of working, 446. 

,, on German system—” 

comparative data, 433. 
concentrat ionof bismuth,436.. 
furnaces employed, 433. 
mode of working, 435. 
products, 435. 
silver refining, 437. 

„ volatilisation-loHH in, 449. 

„ with simple ap})Uances, 359. 

Cupelling furnaces, English and (Jerman 
compared, 433. 

„ German, 433. 

„ hearth material, 445. 

„ Lynch’s teat support, 444. 

„ Mode of working, 435, 43t)- 

„ of English type, 438-446. 

teat-rings and supports,. 
439-445. 

„ water-jacketed tests, 442. 

Cupels, 4()8. 

Cupric oxide, 143. 

Cuprous oxide, 143. 

Curtis, 18, 20, 140, 228, 284, 394, 447. 

Cycloidal furnace, 488. 


D 

Damplatk, 212. 

Dana, 20, 

Dapto, 128. 

„ Desilveriaation at, 409. 

„ Lead matte at, 273. 

,, Recoveries and slag Iohsch at, 326. 

„ 81ag at, 284, 326. 

„ Smelling at, 312. 

„ Zinc crust distillation at, 426. 
Darby tube, 187. 

Dark tuyeres, 259. 

Davies, 281. 

„ slag escape, 197. 

Day and 8hopherd, 151. 

Deadwood, 357. 
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pnx'osM, .103,104,109. Ductility of lead, 1. 
of bliwt funmc(‘s IH4. Durango, Slags at, *310. 

ty. IS4, IHo, iHi. Duration of cupel hearths, 460. 

lit ion ol lead sulphatt*, l.h desilverisation pots, 406. 

„ refining kettles, 364. 

4HH. Dust chamber, Reinforced concrete, 344, 

US4, 3(17. 37(i, 409. 420, 421, 478. 341. 

UdiUiou prorcHH, 103, 108. Dwight, 186, 248. 

4 ih( oC roimting at, 319, and Llovd sintering process, 123- 

„ HineUing at, 320, 333. 127.*' 

%.! ion, MiH* alHt> i\trkrs-pracrm^--- ; 

Arrangenient «>f plant for 
39H. E 

by boHmunertHatbu, 361. 

{’oiuparalive tlata of, 409. East H-KL^xa, Blast roasting at, 116. 
«•f^rnpariH(Jn of inethodH, „ Elue-dust collected at, 351. 

31lb 3(Hb „ Mechanical feeding at, 250. 

Com! ttf, 3H9, 3!Ml ,, Slag produced at, 310. 

Kkn-trolytic’ methods of, Eaton, 477. 

360. ‘ ^ Edelmami, 6,401,411. 

Mn4consumption in, 403, Edwards, 343. 

40 b Egleslon, 287, 346, 356, 397, 398, 420. 

Inlbtenn' «»f impurities on, Eilers, A., 156, 198, 310, 311, 326, 327. 

3«io. „ works, Flue-dust collected at, 355. 

LosseH in, 319. El(‘clric discharges, Use of, for settling flue- 

irndhtals, 319, dust, 351. 

FlanI required for, 39K. „ smelting, 488. 

FtOn for, 39H, 399, Electrolysis of zinc-silver alloy, 427. 

I'*40 <3 iduminium«zine in, Electrolytki dei)osition of lead, 452-456. 

4 UK „ „ zinc, 496-502. 

/nne requiretl for, 400, 401, „ ])roceHs for treating zinc-silver 

406, alloys, 427. 

„ reduction of galena, 24. 

„ refining, 452-456. 

El Paso Smelting Works, 84. 

„ Bricking flue-dast at, 357 . 

„ Mechanical feeding at, 250. 

Elhu'shauHcn process, 487. 

Elmore process, 503. 

„ vacuum process, 503, 510. 
lilmmenH process, 491. 

Emmons, 264, 269, 278. 

Blms, Construction of flues at, 340. 

„ Flue-dust, Analysis of, at, 33(5. 

„ Flue-dust condensation at, 356. 

„ Pines at, 341. 

„ Recovery of flue-dust at, 356. 
Endemann, 5. 

English process of cupellation— 

Compared with German, 449. 

Examples of, 447. 

Furnaces employed, 438-444. 

Mode of working, 446. 

Refining on the hearth, 447. 

English reverberatory lead smelting— 
Composition of charge at various stages, 
35. 

Furnaces em]>loyed, 31, 37, 44. 

Mode f)f working, 29, 30. 

Eureka, Bone-ash tests at, 447. 

,, Ores smelled at, 140. 

„ Patlinson process at, 395. 

„ Slags at, 284. 


^'iid ^mellitig fit, 4.J. 

furnavw at, 37. 3H, 44. 

I uyeioH, I9H. 

^ *19, 62.278,3311,471,472. 

* 4H7. 

of ib»Hjhi'ri«fitiim poU, 29H, 299, 
leiul bliint lunittiH'H, 179. 
lurniiin‘% 36H. 

I AIK 

I o| ifinv 419. 

42H. 

ivp diiftt of, 431. 

*«»ii rif furiiiitTH iwd for, 427. 
nif., 421*426. 

•-rotort f’imiiire»i. 420, 42 L 

• flu Ffiur fwrnaecH, 42(K 42L 
i-^rui’ible fwrimemi, 41IK 

f iiIh’ retort fwrrmreH, 420, 421. 
Wiiflatig, 423, 421. 

4. 424. 

*t of stiver ill leitd irigtds, 267, 

t I, llo. 

At 2. 
fi. 9. 

9H. 

lead ore^ ill Bo^ken Hill, 478. 
imiv of, 2fl4, 361. 

poverty of, 267. ^ 

'I leiiil, rompo'^ilioti of, 3H4. 

»rL Miiitft (It 
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Exjjeka, Speiss at, 278. 

„ „ treatment at, 281, 282. 

Euricli, 187, 212. 

Eutectics, 3, 5, 7, 13, 271. 

Exterior forehearths, 216. 


Faber du Fatjr tilting furnaces, 420-424. 
Fay, 7. 

Feed-floor, 186. 

Feeding, Method of, 186, 187, 247. 

„ Mechanical, 248-252. 

Ferraris, 177, 353, 367, 398, 413. 

Ferric oxide, 142. 

„ sulphate, 142. 

Ferrite, calcium, 145. 

„ zinc, 493. 

Ferrous carbonate, 142. 

„ oxide, 161. 

„ sulphate, 142. 

„ sulphide, 142. 

Fine ore. Bricking of, 358. 

„ in blast furnaces, 254. 

„ Roasting, 77. 

Filtration methods of fume collection, 348, 
355. 

Finishing, 447. 

Fire-brick cupel hearths, 445. 

Fire-clay for cupel hearths, 445. 

Fire-tops, 259; see also Hot-top. 

Firket, 264, 273, 284, 375, 376, 411. 

Flach’s process, 417. 

Flintshire furnace, 29-33. 

„ „ Mode of working, 29, 30, 

33, 34. 

Flotation processes, 503-516. 

„ De Bavay, 509. 

„ Belprat, 508. 

„ Elmore, 510. 

„ Macquisten, 514. 

„ Murex magnetic, 514. 

„ Potter, 505. 

Flowing furnace and process, 43. 

Flue-dust, Analyses of, 63, 336, 450. 

„ Amoimt of, recoverable, 355, 

356. 

„ Bricking of, 233, 294, 357, 358. 

„ collection, 340. 

„ Condensation of, 338. 

,, Condensation of, by blowing in 

steam, 352. 

„ Condensation of, by cooling, 

341. 

„ Condensation of, by Cowper 

flues, 345. 

„ Condensation of, by electricity, 

351. 

„ Condensation of, by filtering 

methods, 348. 

„ Condensation of, by forcing 

through water, 352. 


Flue-dust, Condensation of, by Freuden- 
berg plates, 346. 

„ Condensation of, by passing 

through a water spray, 353- 
355. 

„ Condensation of, by H-osing 

wires, 347. 

„ Condensation of, by spraying 

with jets, 346. 

„ from Corduries’ process, 418. 

„ Presence of lead sulphide in, 

337. 

„ production at Ems, 337. 

„ „ at Freiberg, 294. 

„ „ at Globe works, 349. 

„ „ at Goslar, 296. 

,, „ at Mazzarron, 300. 

„ „ at Omaha, 349. 

„ Size of particles, 338. 

„ Treatment of, by bricking, 357. 

358. 

„ Treatment of, by fusion, 357. 

Flues, Construction of brick and stone, 341, 
342. 

„ Construction of sheet-iron, 339. 

„ Construction of reinforced concrete, 

342. 

„ Cowper subdivided, 345. 

„ Freudenberg plates in, 346. 

„ Underground, 342. 

„ Use of baffle-walls in, 342. 

Fluorine, 146. 

Fluorspar, 146. 

FluosiHcate of lead, 16. 

Fluxes, 130-133, 146, 237, 466. 

Fohr, 398. 

Forehearths, 212-223. 

Foreign substances. Influence of, in rever¬ 
beratory smelting, 28. 

Formulae of lead slags, 157-161. 

Foster, Dr. C. Le Neve, 18. 

Foul slags, 132, 289. 

Foundation plate, 172. 

„ of blast furnaces, 180. 

Freeland, 22. 

Fremantle, 128, 135. 

„ Recoveries and slag losses at, 

326. 


„ Smelting at, 312. 

Freezing point of lead sulphides, 13. 

„ of sulphides, 271. 

Freiberg, Concentration of bismuth at, 430. 
„ Crucible distillation furnace at, 

419. 

„ CupeUation furnaces at, 435. 

436. 

„ Desilverisation at, 409. 

„ Flue-dust at, 336. 

„ Flues at, 338, 342, 347. 

„ Freudenberg plates at, 347. 

„ Furnace leads at, 264. 

„ Gerstenhofer furnace at, 347. 

„ Hard leads at, 384. 
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Freibargt Kiln at, 74, 273. 

„ kiluH at Lautvuthal, 275. 

„ U'ad matl<‘ at, 273. 

„ Liquation of eopporv lead at, 

304. 

„ Lupiation t)f '/.ine-eruHt at, 413. 

„ Morgan mieiblt' furnace at, 419. 

„ OrcH Hinelted at, 140. 

,, Dattinwui procenn at, 390. 

,, Fib f\u’uace at. 172. 

„ ibn'ov<‘rv of tlue-duHi at, 294, 

34(h 

,, Reverhiu-atorv roantiug at, 83, 

85. 

,, Shaft furnaee at, 104. 

„ Silver erunt at, 411. 

SlagH at, 284. 

„ Smelting furnace at, 172. 

„ „ proccKrt at, 292. 

„ StMUHH at. 27H, 28L 282. 

,, Stall roanting at. 74. 

,, Zinr-cruHi dktillation at, 420. 

Zinc required h>r ileKilverwation 
at. 4tH). 

Fnunantle, Kurnae«\H at, 3tt8, 

Smelting at, 3tKS. 32tt. 

French, 33tl 
Freudenhcrg platt'H 34tl. 

„ at Fiuh. 34tk 

„ „ at FreilHTg, 347. 

Friednch, U. 12, 13, 270. 272. 
FraHh’riehHhutte. Fleet roly tie treatment in 
Darken procenn at, 42H. 

Front. 4tl0. 

Fry proee»?4, 487. 

Fuel in the blant furnaee, 1334 37, 150. 

„ etmnuinption In heap»K)imting, 71. 

„ cimfiumpttou in blaHtdurnaee Hmelting, 

t:io, 

„ eofifiumplion in tleialverkaticm. 403. 

„ (’onMUinptiow t»f, in mechanical fur* 
naees, 97. 

„ C’lmHumptitm <»f, in retining, 377. 

„ C’onwuinptitni of, in retorting, 409. 

„ F^mMuinplion of, in reverlMiratory 
roanting, HL 

„ (* 4 >n»uinption of, in jimelting roanted 
matte, 242^244, 

„ ('<»iii 4 Uin|ition of, in tioftening, 373. 
Fulton. IL 144. 271» 272. 2HI, 458,403, 405, 
471. 472. 

Fume, m»e Lrwhfttme and Flitr^dmL 
Fwrtiniti, 232, 458, 4511. 

Fiirnmte gaMi'«, 137. 138, 291. 339. 350, 300, 
407. 40H, 472. 474. 

„ bawl, mn* Wtffkdrmi. ^ i 

Ftirfmee*. «ee Afre/iuaiVu/, Jifiaaf-1 

iirmlttriit and FttmwM; i 

ul^o ihMiilitiiimh 

FuMe4a«. FtM^m htmrth, ! 

Fiwiliility of leiwl ^iliimten. 15. ^ j 

Fu4oii hearth hir ^^melting tlue-dust, 357. 

„ on roaMiitg furi»ce«, 84, 87. | 


6 

Gahnite, 100. 

Galena, 1143, 1849, 21, 22, 23, et seq. 

„ Silver contents of, 18, 19, 21, 22. 
Gardner, 272. 

Garfield, 203. 

Gaseous fuel in smelting, 135, 

Gases, blast furnace. Composition of, 137, 
138, 291. 

„ Temperature of, 138, 
339. 

„ Cooling of, to recover lead fume,. 
339. 

Germania Works, Salt Lake— 

Bricking flue-dust at, 358. 

Bruckner cylinders at, 102. 

Keller furnaces at, 98. 

Matt© treatment at, 276. 

Parkes process at, 409. 

Slag produced at, 310. 

Smelting at, 312. 

SpeisB treatment at, 283. 

Use of bituminous coal at, 135. 

Gorman cupellation furnaces— 

Comparative data of, 43(). 

Concentration of bismuth in, 430. 

Mode of working, 435. 

Germot, 24. 

Gil)son, 269. 

[ Gillson, 7. 

I Globe Smelting Works—- 
Antimony skimmings at, 370. 

CaHling pig lead at, 265. 

Chopper dross at, 376. 

Cost of refining at, 430. 

Flue-dust, Analyses of, at, 336. 

„ recovery at, 349, 355. 

„ treatment at, 357. 

Furnaces at, 104, 177, 178. 
lA^ad matte at, 273. 

Matte-crushing at, 277. 

Matte-separation and slag disposal at,. 
224, 225. 

Eecoveries and slag losses at, 326. 
Koasting furnace at, 85. 

Silver crust at, 411. 

Blags at, 284, 310, 326. 

Smelting at, 311. 

SpeisB at, 280, 281. 

Qocifrey roasting furnace, 90, 100, 106, 115. 
Goetz, 150. 

Gold assays, 326, 327, 463, 470. 

„ in blast-furnace smelting, 144, 145. 

,, parting of silver buttons for, 469. 

„ Losses in, 472. 

„ Concentration of, in base bullion, 267. 

„ in fume, 337. 

„ at Dapto, 309. 

„ at Fremantle, 308. 

-eruHtH, 397, 400, 401, 425, 426; see 
also Zinc-crust8. 

„ in cupellation, 432. 
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•Gold - crusts in lead mattes, 272, 274, 325. Handling slag at Omaha, 286. 

,, „ in speiss, 279, 280, 281. Hangings, 195 ; see also Accretions. 

„ Loss of, in assaying, 472. „ causing hot-top, 260, 261. 

„ „ in smelting, 325-328. i „ Composition of, 289-291. 

,, Purchase of, 331. i „ Removal of, 261. 

„ Recovery of, 329. j Hannay, volatility of lead sulphide, 14, 15. 

„ -zinc at Port Pirie, 405-407. Hard lead, 3, 8. 

Goodner, 11, 144, 270. | „ Analysis of, 383, 384. 

Goslar, Blast-furnace at Lower Harz, 170. I „ Production of, 382. 

„ Bricking flue-dust at, 358. Hardness of lead, 1. 

Composition of lead ore at, 66, 140. Harkspill, 6. 

Flue-dust at, 336. Harris, 216. 

Grimm process at, 489. Hasenclever muffle furnace, 106. 


Heap-roasting at, 70. Heap-roasting, 76. 

„ Ore-smelting at, 295. „ at Goslar, 70. 

„ Slag produced at, 158, 283, 284, 296, „ at Lake George, 71. 

Granby, Reverberatory furnaces and lead „ at Simny Corner, 71. 

smeliidg at, 44,45. ,, of lead mattes, 275. 

Grant Smelting Works, Flue at, 340. „ of ores, 70. 

„ „ Roasting at, 85. Hearth accretions (see also Sows), 261. 

„ Slag produced at, „ Alton, 55. 

310. „ efficiency, 137. 

„ „ Slag separation at, Hearths, American water-cooled, 54. 

213, 214. „ compared with reverberatories, 57- 

Granulation of matte, 200. „ Lead smelting in, 49. 

„ slag, 226-228, 286. „ Material for cupelling, 445. 

Grate furnaces, 123. „ Moflet Jumbo, 55. 

Graumann, 8, 11. „ Rossie, 54. 


Great Falls, Dust-chamber at, 348. „ Scotch, 50. 

„ Lead furnaces at, 177. „ Weardale, 51. 

Green vitriol, 357. Heat of molten slags. Utilisation of, 288. 

Greenway, T. G., 156, 158, 257, 258, 507. Heberlein, 361, 410. 

„ process for zinc-lead sul- „ roasting furnace, 90, 99, 100, 

phides, 489. 106, 109, 113. 

Grey slag, Analyses of, 46. HempeFs method of distilling zinc-lead 

j, „ Alton, 59. sulphides, 482. 

„ Joplin, 58. Henrich, C., 142, 159. 


,, „ Leadhills, 50. 

,, ,, Lewis and Bartlett 

process, 63. 

„ „ Linares, 58. 

Grimm process, 489. 

Guichant, 11. 

Guillaume, 195, 217. 

Guillemain, 110, 111. 

Guyard, 269. 


H 

Hagen’s water-cooler for furnace gases, 
349. 

Hahn, 146, 156, 159, 264, 278, 320, 336, 
357. 

Halse, 20. 

Hammer scale as flux, 131. 

Hampe, 269, 273, 365. 

Hanauer Works, Cast-steel jackets at, 190. 
„ Ropp furnace at, 98. 

„ Slag granulation at, 226. 

Hand-feeding blast furnaces, 244. 
Hand-rabbled v. mechanical furnaces, 106, 
107. 


Hering, 335, 336. 

Heyn, 6. 

Hixon, 227. 

„ mechanical feed, 248, 249. 

Hoboken, Composition of lead at, 4. 

„ Desilverisation at, 411. 

„ Lead matte at, 273. 

„ Schnabel’s process at, 419. 

„ Silver-refining at, 437. 

„ Softening at, 375. 

„ Tube-retorts at, 323. 

Hoepfner bisulphite process, 492. 

„ electrolytic process, 499. 

Hofman, H. 0., 9, 21, 31, 45, 66, 84, 90, 98, 
112, 121, 124, 140, 143, 145, 146, 151, 152, 
158, 161, 177, 183, 198, 206, 232, 245, 264, 
268, 273, 335, 341, 355, 360, 364, 373, 375, 
384, 390, 402, 413, 426, 429, 430, 432, 433, 
439, 450, 459, 460, 472, 483. 

Holywell, Smelting at, 44, 45. 

Honsell, 8. 

Hook, 473. 

Hot-blast, 168. 

Hot-top, 259; see also Over-fire.'' 

Howard alloy press, 415, 416. 

„ skimmer, 377, 402. 
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Howard Htirror, 4iri, 4U3. 

Howe, tW. 

Howell, 2HH, 

Huniekr, ‘Jtkl. 

Huiitingtou.Heherlein pnwoHH, lOH, 112,115 

lUk :m, 

Huntington. A, K., 15. 

Huntingtiin. T,, aii4. 

Hutohing^^n. lUK ItH), Ilol, im. 
Hydrotluofiilirio nM, 453. 


I 

Ii,KH. M. W., 7(1. iKl. KW. 147. 143. loti, IM), 
203. 223. 224, 273. 2mk 2H4. 285. 32(1, 
32(1. 3311. 333. 343, 351. 375. 43(1, 4511 
lloM Hi'piiriitor, 223. 

** lm|trt»ving *’ t>r noffriiing, 3tll. 
lm|iuritiini in i'oniinerritd IrnuulH of Iml, 3. 
,, Irrtd imuiy huttoiw. 4511. 

», .. influouring iioHilvoriHa- 

tion. 3(10, 3H(l 

Ingttlki, 45, !«J, Mill. It.,. 121, 31(1. 32(1, 321, 

5tii. 

IrtJfi, AwetitfloH of, 273. 

,, art iiii|niiily in loiui, (», 

AH a mlnring iignif, 137, 177. 
tiiirtert in rtlag^i. MU, 

,, I'rninlilo tomay fer li’inl, 458, 

„ Free, in Inul inatte:<, 2(»!1, 27 M 
,, in fiowft, 2IHI, 

„ ,, in a|w4Bm"«, 2711, 2H(1. 2HL 

,, cifinirirnri’’ of, in iniillort, (15. 

,, iife ipi flufc, 131. 

.. „ in rlirttgo’*. 23(1. 

„ of, 143. 

triogukrtliort tii fiirnare wot king, m* iiltml- 
jufmtrr fwrlliin/. 


J 

.1 11, 2(t> 

♦IndiifH iind Hmitii, 15, 

*fo|ili||, Mo., Hkrk ill. 4H. 

SiiirUilig ill, 48, 55. 

♦lordAii, 141. 

Jiirdttinfr. II. 

•Intnlio ofr lirurtii. 55. 


K 

tvjiitn Kmii, Wiirku, 2 hh, 

KArsfrii, Mi?* 3117. 

Kiinlfmiwi. 473. 

14(1. 

Kelt It 452, 

Krld llentl, Ftitr* dn»it frriitrry Hi. 355. 

„ lire lirarfii at. Ml. 

Ii#4lpr» 21111* 27fl. 
liidlur* Ell.. 2119, 2«5, 


Kellor, H. A., 289. 

Keller roasting furnace, 98, 100 
Keller slag pot, 200-208. 

Kemp, 84, 85, 284. 

Kerl, 404, 489. 

Kernel-roasting, 70. 

Kettles; see also Po^s. 

„ Dimensions of, 362, 380. 

„ Liquation in, 413. 

Refining in, 303, 364, 376, 377. 
» drawbacks, 364. 

Kuiani, 11. 

Kilker mould car, 230. 

Kiln-roasting, 74-76. 
at. Freiberg, 74. 
at I^iautetitbal, 74. 

^ at Oker, 74. 

Kilns, Roasting, 74, 75, 275. 

Kirehofl, 397. 

Knah, 2. 

Knight, volumetric assay for lead, 462. 
Knudsen, 281. 

Koehinke, 299. 

Koehler, 150. 

Kongsbc^rg, Cupellation losses at, 449. 
Kroupa, 347. 

Kunhardt, 18. 


L 

LaKK (iKOItOE, 71. 

Ia MotMs reverberatory roasting furnace, 

Uniarkite, 20. 
l^WKlnborg, 6. 

Ijtng, H., 137. 

lii.ng(mluum, Treatment of slags at, 289. 
lAtrtmt ht'at, 2. 

IA Tortilla, Flues at, 346. 

„ Hard lead at, 384. 

„ Fat.tiuson process at, 395. 

lAur, F., 24. 

lAurium, Analysis of lluc-dust at, 336. 

*. Bricking llue-dust at, 357, 358. 

Mruoible at, 183, 184. 

„ Fore hearth at, 217. 

Furnace lead at, 264. 

.. „ products at, 303. 

„ Furnaces at, 177, 179. 

„ (Iranulaling slag at, 228. 

,, labour, (ioat of, at, 319. 

,, r.4'ad matte at, 273. 

„ Mwhanical feeding at, 252. 

„ t)res smelted at, 140. 

Oxland furnace at, 101. 

„ Recoveries and slag losses at, 326. 
.. Roasting pots at, 113. 

„ Slags at, 146, 284, 289, 326. 

.. Slag spouts at, 319, 220. 

Smelling at, 302, 312. 

Speiss at, 278. 
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Laurium, Tapping jacket at, 195. 

„ Welded joints at, 193. 

Lautenthal, C5orduries’ process at, 417, 418. 
„ Cupelling furnace at, 434. 

„ Desilverising at, 409. 

„ Hard lead at, 384. 

„ Kettle-refining at, 364. 

„ Kettle-softening at, 362. 

„ Kiln-roasting at, 75. 

„ Parkes process at, 409. 

„ Schnabel’s process at, 418. 

„ Silver crust at, 411. 

„ „ refining at, 437. 

Lay, 460. 

Lead, Alloys of, 3, 78. 

„ Analyses of commercial brands of, 4. 
,, „ work-lead, 262. 

„ Assay for, dry methods, 458-460. 

„ ,, wet methods, 460-463. 

„ Atomic volume and weight of, 2. 

„ borates, 16. 

„ bullion, 472. 

,, carbonate, 10, 16. 

„ Chemical properties of, 2. 

„ chloride, 15. 

„ chloro-phosphates, 16. 

„ chloro-sulphides, 16. 

„ colic, 17, 187. 

„ Compounds of, 7-17. 

„ Conductivity of, 1. 

„ Deposition of, by electrolysis, 452- 
456. 

„ Desilverisation of, see Desilverisation. 
, Ductility of, 1. 

„ Fluosiiicate, 16, 452. 

„ Fusibility of, 2. 

„ -fume, 46 ; see Flue-dust 
„ „ at Broken HiU, 307. 

„ „ Bricking of, 357. 

,, „ Condensation of, 337, 356. 

„ „ Condensation of, not effected 

by mere settling, 338. 

„ „ in De Laval process, 488. 

„ „ Losses in, 328. 

„ „ Poisonous nature of, 16, 17. 

,, Hard, 3. 

„ Impurities in commercial, 3. 

„ Loss of, in blast-furnace smelting, 240, 
285, 323. 

„ „ in cupellation, 449. 

„ „ in desilverisation, 431. 

„ „ in roasting, 69, 121. 

„ IVlalleability of, 1. 

„ -mattes, see Mattes. 

„ Native, 18. 

„ -ores, 18-22. 

„ „ Analyses of, 22, 66, 140. 

„ „ Proportion of silver in, 18. 

„ Oxides of, 7-10, 16, 139. 

„ Peroxides of, 9, 10. 

,. -poisoning, 16-17. 

„ silicates, 15, 16. 

„ -slags, see Slags. 


Lead smelting in blast furnaces, see also 
Blast-furnace smelting — 

Comparison of ores for, 140. 
reactions in the furnace, 139, et seq. 

Lead smelting in hearths, 49. 
at Joplin, Mo., 55. 
at Keld Head, 50. 
at Leadhills, 50. 
at Linares, 51, 53. 
at Weardale, 51. 

Lead smelting in reverbsratories, 27. 
at Coueron, 33, 34. 
in Flintshire, 28, et seq. 
at Linares, 38-40. 
at Tarnowitz, 44, 45. 

Bye-products of, 46. 

Influence of foreign substances on, 28. 
Lead, Soft, 3. 

„ Specific gravity of, 2. 

„ „ heat of, 2. 

sulphate, 13, 110, 111, 142. 

„ sulphide, 11-13, 141. 

„ „ Decomposition of, 12, 13. 

„ „ Beactions of, with sulphate- 

and oxide, 13-15, 141. 

„ „ Volatility of, 11, 14, 15, 7<S„ 

141, 142, 337. 

„ syphon for, 378, 379. 

„ Tempered, 7. 

„ Volatility of, 2. 

„ -well, 167. 

„ Recovery of, 329, 330. 

LeadviUe, Cleaning foul slag at, 289. 

„ Flue-dust condensation at, 355- 

„ Furnace lead at, 264. 

„ Speiss at, 278. 

„ sulphide ores. Analyses of, 22^ 

66. 

Le Chatelier, 2, 133, 152. 

Ledoux, losses in assaying, 469, 473. 
Lencauchez, 482. 

Leroux, 12. 

Letrange process, 496. 

Levol, 3- 

Lewis and Bartlett bag process, 59. 

Analyses of products of, 63. 

Lewis and Bartlett cooling pipes, 61. 

„ „ filter bags, 62. 

„ „ slag hearth, 60. 

“ Life ” of desilverisation pots, 406. 

„ refining kettles, 364. 

Lime as flux, 131, 132, 133. 

„ bases in slags, 161. 

„ for bricking flue-dust, 357. 

„ in Flintshire furnace, 35. 

„ in slags, 145. 

„ -roasting, 109, et seq. 

Limestone as flux, 131. 

„ for cupel hearths, 445. 

„ Temperature of decompositioiu 
of, 133. 

Linares, Black slag at, 48. 

„ Cowper flues at, 346. 
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Linares, Flue-dust treatment at, 356. 

„ Hearth smelting at, 53. 

,, Pattinson process at, 389. 

„ Reverberatory smelting at, 38-40. 

„ Spanish furnaces at, 168. 

Linotype metal, 8. 

Lic[uation furnace at Port Pirie, 414. 

„ in furnaces, 414. 

„ in kettles, 413. 

„ kettles, 413. 

„ of antimony shimmings, 381. 

„ of copper-dross, 381. 

„ of cupriferous lead, 364-366. 

„ of zinc-crusts, 411. 

Litharge as flux, 466, et seq. 

„ from cupelling furnaces, 432, 433, 
450, 451. 

„ -notch, 434, 435, 441, 442. 

„ Properties of, 7-9, 468. 

„ Red colour of, 435. 

„ Reduction of, 451. 

Lithopon, Manufacture of, 489, 490- 
lixiviation of zinc sulphate, 489. 

Lodge, 351, 466. 

Lodin, 14, 15. 

Lone Elm, composition of lead, 4. 

„ Works, 59. 

Loss of gold in commercial assay, 322, 325. 

„ „ blast-furnace smelting, 325- 

„ heat in jacket water, 196. [327- 

„ lead in cupellation, 449. 

desilverisation, 359,417, 431. 
dressing, 18. 
dry assay, 458. 
fume and flue-dust, 256, 328. 
roasting, 69, 121. 
slagging, 69, 323. 
smelting, 240, 323. 
silver. Apparent v. real, 328. 

„ „ in commercial assay, 322, •] 

329, 471. j 

„ „ in cupellation, 436, 449, 472,1 

473. ! 

„ „ in desilverisation, 360, 417,1 

431. ' 

„ „ in dressing, 18. 

„ „ in fume and flue-dust, 256, 

328. 

„ „ , in Parkes’ process, 431. 

„ „ in roasting, 69. 

„ „ in Schnabel’s process, 419. 

„ „ in smelting, 233, 323. 

Losses in fume, 328. 

Low, determination of copper, 477. 

„ lead assays, 462. 

Low and von Schultz, wet lead assay, 460. 
Luce, 390. 

Lump ores. Different methods of roasting, 75., 
„ Roasting of, in heaps, 70. 

„ „ in kilns, 74. i 

Lunge, 24. 

Lung wit z, 482. 

Lynch test support, 444, 445. , , 


M 


M‘Arthtjr granulating trough, 227. 
Macquisten flotation process, 503, 513. 
Magnesia, Analysis for, 476. 

„ as flux, 131. 

„ brick for cupel hearths, 445, 469, 
„ for softening furnaces, 370. 

„ in lead slags, 161. 

Magnesium-lead alloy, 7. 

Magnetic oxide, 142. 

Magnetite as flux, 131. 

„ in mattes, 269. 

„ in slags, 285. 

Magnolia, 8. 

Malleability of lead, 1. 

Manganese, Analysis for, 476. 

„ in lead slags, 161. 

,, ores as flux, 131. 

„ oxides in the blast furnace, 143. 
Mansfeld, Slag brick at, 287. 

Mapimi, handling slag at, 225. 

„ Flues at, 343. 

„ Lead matte at, 273. 

„ Recoveries and slag losses at, 326. 

„ Slag at, 284, 326. 

„ Smelting at, 316. 

„ Speiss at, 278. 

Market pot in Pattinson process, 389. 

Marl for cupel hearths, 433. 

Mason, 465. 

Massia; see Sanchez y Massia. 

Massicot, 7, 9. 

Mathewson, 7. 

Matte, Analyses of, 273. 

„ Assays of, 470. 

,, Composition of, 268. 

„ Copper collected in, 268, 271. 

„ Crushing of, 277. 

„ -faU, 241. 

„ Granulation of, 223. 

„ handling, 228. 

„ Lead-, 11, 23, 130, 268, 269, 273. 

„ Magnetite in, 269. 

„ Metallic iron in, 12, 65, 269. 

„ -moulds, 229, 230. 

„ Nickel and cobalt in, 277-279. 

„ Non-formation of, at Port Adelaide, 
306. 

„ Percentage of sulphur in, 269. 

„ Preparation of, for roasting, 274. 

„ rich argentiferous, Treatment of, 
383. 

„ roasted. Smelting of, 275. 

,, -roasting, 78. 

„ „ in heaps, 72. 

„ Separation of, 211, et seq, 

„ -shell, 228. 

„ -taps, 211, 212. 

„ Zinciferous, 11. 

Mattes, 11. 

Matthewson slag tap, 212. 

Matuschek, 9. 


34 
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Maurer, Sintering machine at, 124. 
Maxwell-Lyte process, 500. 

Mazzarron, Bullion at, 412. 

„ Flue-dust at, 300, 357. 

„ Flues at, 338. 

„ Slags at, 284. 

„ Smelting at, 300. 

Mechanical feeding of blast-furnaccs, 248. 

„ Pattinsonisation, 390. 
Mechanical roasting furnaces, 88, et seq. 
Brown-Allen-O’Hara, 88, 90. 

Brown horse-shoe, 90, 91. 

Bruckner, 102. 

Keller, 98, 106. 

Pearce turret, 90, 92-94. 

Bopp straight line, 90, 94-98. 

Wethey, 9^ 

Mechernioh, Flach’s process at, 417. 

„ Furnace load at, 264. 

„ Lead matte at, 273. 

„ Ores smelted at, 66, 140, 295. 

„ Boasting at, 85. 

„ Silver-crust at, 411. 

„ Smelting at, 295. 

„ Tilting furnace at, 419. 
Melting-down stages in Flintshire furnace, 
34. 

Melting point of lead, 2. 

„ „ „ slags, 130. 

„ „ „ mattes, 270. 

„ „ „ sulphide, 11. 

„ „ litharge, 8,4(i8. 

„ „ silicates of iron and lime 

152. 

Mondipito, 20. 

Metallic iron in furnace products, 269, 271. 
Mexico, Cost of smelting in, 320. 

Middleton, 51. 

“ Middlings,” Treatment of, 481. 

Miller, 465, 472. 

Mimetesite, 19, 20. 

Mine La Motte, Blast furnace at, 174. 

„ „ Matte produced at, 277. 

„ „ Ores smelted at, 140. 

„ „ Boasting at, 84. 

„ „ Slags at, 284. 

Minium, 9. 

Mitchell, 458, 4(56, 4(57. 

Mojffet ore-hearth, construction, 55. 

„ „ working, 57. 

Mohr’s process, 498. 

Mond Nickel Company, 227. 

Mond’s Hoepfnor process, 500. 

Monosilicato slags, 149, 152, 155. 

Montana, Slag bricks at, 287. 

„ Smelting Co., Flues at, 243. 

„ „ Furnaces at, 177. 

Monteponi, Blast furnace at, 175, 176. 

„ C/Oraposition of lead at, 4. 

„ Fume condensation at, 353. 

„ furnace dross at, 2(54. 

„ Liquation kettle at, 413. 

„ refinery, 398. 


Monteponi, Silver at, 450. 

,, Smelting at, 301. 

„ Softening furnace at, 367. 

„ Water spray condensation at, 
353-355. 

Monterey, Casting at, 2(55, 2(56. 

„ due-dust, Analysis of, at, 336. 

„ „ bricking at, 358. 

„ „ collected at, 355. 

„ Furnace dross at, 2(54. 

„ Recoveries and slag losses at, 

326. 

„ Roasting furnace at, 85, 87. 

„ Slag at, 284, 326. 

„ Slag settling at, 224, 227. 

„ Smelting at, 312, 315, 320. 

„ Speiss at, 278. 

Montzen, Smelting at, 43, 44, 45. 

Morgan crucible furnace, 419. 

Mostowitsch, 15. 

Mould, H. S., Co., briciuette machine, 257. 
Moulding, see Casting. 

Moulds for work-lead, 2(53, 380. 

Mn\zek, 283. 

Muffle furnaces, 106. 

Muirhead, 1(50. 

Munster, 12, 2(59. 

Murex magnetic flotation luocess, 514. 
Murray, Blowers at, 203. 

„ Flue-dust collected at, 355. 

„ Flues at, 343. 

„ fume filtration, 350. 

„ Mechanical feeding at, 252. 

„ Pot-roasting at, 85. 

„ Revolving furnaces at, 101, 104. 

„ Roasted matte at, 277. 

„ Roasting furnace at, 85. 

„ Separation of matte at, 223. 

„ Smelting at, 311. 

Myalls and Wyatt procese, 490. 


N 

Nawer, 5. 

National plant, 378, 382, 425. 

„ Refining skimmingg at, 385. 
Neill, 135, 277. 

Nesmith slag-pot trucks, 209. 
Nowcastle-on-Tyne, Electrolytic refining at, 
453. 

„ „ Pattinson process at, 

394. 

Newhouse, (59, 232. 

Newton’s fusible metal, 8, 

Nickel and cobalt in cupel dross, 432. 

„ „ in desilverisation, 397. 

„ „ in lead-matte, 277, 281. 

„ „ in speiss, 282. 

Nisaenson, 4(53. 

Nitre, 4(5(5. 

“ No-heet ” metal, 8. 

Nolte, 12. 
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0 

Oemichen, 471, 472. 

Ohio and Colorado Smelting and Defining 
Company, 127. 

Oil as fuel in blast furnaces, 135. 

Oker, Hasenclever furnace at, 106. 

„ Kiln-roasting at, 74, 75. 

,, Lead mattes at, 273. 

,, Speiss at, 283. 

Omaha, Eiltration at, 349. 

„ Elue-dust collected at, 356. 

„ Pattinson process at, 396. 

,, Slag-handling at, 286. 

Ore charge, Requirements of the, 130. 

,, hearths, see Hearths. 

Ores, Analysis of, 474-476. 

„ see Lead ores. 

Over-fire,” 259; see also Hot-top. 

Overflow pot, 213. 

Overpelt, Eurnace lead at, 264. 

„ lead matte, 273. 

„ Slags at, 284. 

„ Speiss at, 278. 

Oxidation method of lead smelting, 24. 
Oxide of iron. Analysis for, 472, 473. 

Oxides of lead, 7-10, 16. 

Oxidised lead-crust, 412. 

„ ores of lead, 20. 

Oxland roasting furnace, 90, 101, 102, 103. 


P 

Page, 156, 286. 

Paint, see Pigments. 

Pan slimes as bricking material, 357. 
Parkes, 397, 416. 

Parkes process, 397-431. 

Amount of zinc required for, 400, 401. 
Bye-products of, 428. 

Comparative data of, 409. 

Comparison of, with Pattinson process, 
431. 

Composition of zinc-crusts, 410, 411. 

Cost of, 430. 

Examples of, 404-409. 

Fuel consumption in, 404. 

Influence of impurities on, 361, 397. 
Losses in, 430. 

Plant employed in, 398. 

Process of zincing, 401. 

Stirring, 401-403. 

Time required for, 403. 

Treatment of zinc-crusts, 413 ; see Dis¬ 
tillation and Zinc-crusts. 

Use of aluminium-zinc in, 410. 

Parnell process, 490. 

Parrot Works, 206, 207. 

Parting of silver assay beads, 469. 
Pattinson, 386. 

Pattinson process, 386-396, 431. 
Bye-products of, 396. 


Pattinson process— 
combination with Parkes process, 390. 
Concentration of bismuth in, 386, 390. 
Examples of, 389, 394. 
Hand-Pattinsonisation— 

Mode of working, 387, 388, 389. 

Plant employed in, 387. 

Influence of impurities on, 386. 

Steam Pattisonisation— 

Advantages of, 395. 

Mode of working, 393. 

Plant employed in, 390-393. 

Products obtained by, 393. 

Pearce, Ed., 67, 143, 270, 285, 360. 

„ turret furnace, 90, 92, 97. 

P^labon, 7. 

Penarroya, Bauxite bricks at, 371. 

„ Distillation process at, 425. 

„ Dressing at, 372. 

„ Furnaces at, 300, 371. 

„ Heap-roasting of matte at, 72, 

275. 

„ Magnesia bricks at, 371. 

„ Refining furnace at, 378. 

„ Retort dross at, 429. 

„ Revolving furnaces at, 100, 113. 

„ Smelting at, 299. 

„ Softening at, 375. 

„ Spanish furnaces at, 169. 

Percy, J., 9, 12, 14, 15, 30, 33, 34, 35, 38, 45, 
46, 141, 142, 145, 269, 283, 292, 336, 348, 
352, 355, 449, 458, 465, 467. 

Pertusola, Filtering plant at, 350. 

„ Slags at, 284. 

„ Smelting at, 301. 

Peters, 70, 98, 152, 287, 477. 

Pewter, 8. 

Pfordte, 433. 

Pfort curtain, 186. 

Philadelphia Smelting Works, 93, 310, 312, 
343. 

Phillips, 33, 45, 174, 390, 394, 458. 

Phoenix process, 500. 

Phosgenite, 20. 

Piddington, 376, 445. 

Pigment from Bartlett process, 486. 

„ lead fume at Linares, 356. 

„ Lewis and Bartlett process, 

63. 

„ manufacture at Coffeyville, 

486. 

„ zinc sulphate, 490. 

Pilz, B., 172. 

„ furnace, 172, 173. 

Pimple metal, 144. 

Pitblado, 135, 308, 329, 325, 326, 337. 

Pitot tube, 203. 

Plattner, 14, 70, 384, 406, 409, 433. 
Plumbates, 10. 

Poisoning, Lead, 16, 17. 

Pontgibaud, Analysis of flue-dust at, 336, 
374, 378. 

„ Pattinson process at, 394. 



532 


INDEX. 


Poole, 374, 378. Przibram, Composition of lead at, 4. 

Porson. 2. „ ores at, 6(). 


Port Adelaide Works, 312 ; see Bloch 14 
Smelting Works. 

Port Pirie Smelting Works— 

Antimony skimmings at, 376. 

„ treatment at, 381- 

383. 

Bottle-retort furnaces, 420, 421. 
Carmichael-Bradford process at, 116, 117, 
119. 

Composition of lead at, 4. 

Converters at, 115. 

Copper dross at, 326. 

Cupel hearths at, 448. 

Cupellation process at, 448. 

Desilverisation at, 405-409. 

Distillation, at, 425. 

Furnace leads at, 264. 

Furnaces at, 177, 179, 181, 182. 

Gold-crust at, 411. 

Gold-zincings at, 405-407. 

Hard-lead production at, 383. 

Lime roasting at, 109. 

Liquation furnace at, 411. 

Pot-dross at, 405. 

RejShery, 398-400. 

RejShing in kettles at, 376. 

„ skimmings at, 377, 378, 385. 
Retort-dross at, 428. 

Retorting at, 425. 

Ropp furnaces at, 97. 

Silver-rejShing at, 347. 

Silver-zincings at, 408. 

Slag at, 284. 

Smelting at, 312. 

softening furnaces. Construction of, 368, 
369. 

„ „ Mode of working, 374, 

375. 

„ „ Bye-products of, 380- 

384. 

„ „ Tests at, 446. 

Test rings at, 444. 

Potash, 147. 

Pot-dross from Pattinson process, 389. 

„ at Port Pirie, 405. 

Pot-roasting, see Blast roasting. 

Pots, see also Kettles. 

„ for Parkes process, Dimensions of, 399. 
„ „ Wear and tear of, 409. 

„ for Pattinson process, 387. 

Potter flotation process, 503, 505. 
Precipitation method of lead smelting, 12, 
23, 25, 128. 

Pressure of blast, 233, 258. 

Products of blast-furnace smelting, 217. 

„ distillation in Parkes’ process, 

424, 426. 

„ see also Bye-products. 

Prost, 463. 

Przibram, Antimony skimmings at, 450. 

„ Blast furnace at, 171, 172. 


„ Cupel bottom at, 450. 

„ Cupellation-losses at, 449. 

„ Flue-dust at, 450. 

,, Furnace leads at, 264. 

„ Grimm process at, 489. 

„ Hard lead at, 384. 

„ Lead matte at, 273. 

„ Litharge at, 450. 

„ Roasting furnace at, 81. 

„ Slags at, 284. 

„ Smelting at, 299. 

„ Speiss at, 278. 

„ Stall-roasting at, 72, 73, 275. 

„ Steam Pattinsonisation at, 390, 

Puddle-cinder as flux, 131. [395. 

Pueblo Smelting Works, Analysis of 11 uo- 
dust at, 336. 

,, Casting lead at, 265, 266. 

,, Flue-dust collected at, 355. 

,, „ bricking at, 358. 

,, Hard lead at, 384. 

,, Howard mechanical feed at, 250. 

,, „ skimmer at, 377. 

„ „ stirrer at, 402. 

,, Lead matte at, 273. 

,, Ores smelted at, 140. 

„ Revolving furnaces at, 104. 

,, Slag assays at, 326. 

,, Smelting at, 311. 

„ Speiss at, 278. 

Pufahl, 311, 355, 378, 382, 425. 

Punch samples of work-lead, 267. 

Purchase of ores. Basis for, 331. 

Pyrites, 28. 

„ in the lead blast furnace, 142, 226. 
Pyromorphite, 19, 20. 

Pyroxene, 159. 


R 

Raht, 156, 159, 267, 401. 

Raibl, Composition of lead at, 4. 

„ Smelting at, 21, 44, 45. 
Rammelsberg, 14. 

Ramsbeck, Roasting at, 121. 

Raschette furnaces, 174. 

Rassbach, 14. 

Reactions between lead sulphide, sulphate,, 
and oxide, 13-15. 

„ in sinter-roasting of slimes, 77. 

„ of the lead blast furnace, 128,. 
129, 137-149. 

,, of lime-roasting, 109-112. 

„ of the roasting process, 65-68. 

Red lead, 9. 

Red Mountain, Ores smelted at, 140. 
Reducing agents, 137. 

Reduction of lead oxide, 9. 

silicates, 16. 
sulphide, 12. 
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Reduction in the lead blast furnace— 
affected by tuyere area, 138. 
effected by carbon, 137. 

5 , carbonic oxide, 137, 138. 
Conditions favourable to, 138, 139. 
of ferric oxide, 142. 
of lead sulphate, 142, 

Refinery blast furnace, 385. 

,, ^ plant. Description of, 397. 

Refining electrolytically, 452, 456. 

Refining of lead in kettles at Lautenthal, 
363, 376. 

Refining of lead in kettles at Port Pirie, 

376, 377. 

Refining of lead in reverberatories, I 

377. 

Rehning of silver—See Silver-Refining. 
Refining-kettles, 3(i3, 37(), 377. 

„ -skimmings, 384, 385. 

Regnault, 2. 

Reid, 2, 3(>0. 

Remedies for lead poisoning, 17. 

Removal of cracked jackets, 262. 

„ hearth accretions, 261. 

„ wall accretions, 260. 

Retort-bullion, 425-429. 

,, -dross, 428. 

Retorting zinc-crusts, sec Distillation. 
Retorts for zinc-distillation, 419-426. 
Reverberatory lead smelting, 27, &c.— 
Comparative data of, 45, 57. 

Bye-products of, 46-48. 

Examples of— 
at Cordoba, 36, 37. 
at Coucron, 32, 33, 35. 
in Mintshire, 2t), 30, 31, 32. 
at linares, 38-40. 
at Taniowitz, 40-43. 

Ib’inciples of, 27. 

Reverberatory refining, 377. 

„ roasting of mattes, 275-279. 

„ roasting of ores, 78-86. 

Rev(‘rbt‘ralory roasting furnaces (hand- 
rabbled), 78-87. 

Construction, 78-86. 

Cost of, 90, 92, 93, 07. 

Examples of work done— 
at Cockle Creek, 85. 
at Denver, 85. 
at Freiberg, 85. 
at Laurium, 85. 
at Mechernich, 85. 
at Mine La Motte, 85. 
at Monterey, 85. 
at Murray, 85. 
at Port Adelaide, 85. 
at Pueblo, 85. 
at Przibram, 85. 
at St. Joe, 85. 

Reverberatory roasting furnaces (mechani¬ 
cal rabbling), see Mechanical roasting 
furnaces. 

Reverberatory settling furnace, 223. 


Reverberatory softening— 
at Freiberg, 366. 
at Przibram, 366. 
of lead bullion, 372. 

Revolving hearth furnaces, 99. 

Rhead, 460, 463. 

Rhodes’ separator, 223. 

Rhodes, R. D., 224, 228. 

Richards, 18, 152, 478. 

Richmond (Nev.), Cooling flues at, 339. 
Roast and reaction in the blast furnace, 128. 
„ „ method of lead smelt¬ 

ing, 23, 25, 26, 34, 
49. 

„ reduction method, 23, 25, 65. 

„ „ „ in blast furnaces, 

128. 

Roasted matte. Smelting of, 275-279. 
Roasting fine ore, 77. 

„ of lead mattes, 78. 

Roasting of lead ores— 
in heaps, 70. 

„ at Goslar, 70. 

„ at Lake George, 7/. 

„ at Sunny Corner, 71. 

in kilns at Freiberg, 74. 
in stalls, 72-74. 

in reverberatories at Freiberg, 83. 

„ at Mine La Motte, 84. 

„ at Port Adelaide, 304. 

„ at Przibram, 81. 

„ Cost of, 90, 92. 

of lead sulphide, 13-15. 

Reactions of, 65-68. 

Sinter-, 68. 

Slag-, 69. 

stage in Flintshire furnace, 34. 

Roberts-Austen, Sir W., 65, 292. 

Rodna, Ores smelted at, 66, 140. 

Rontgen, 271. 

Root blower, 167, 203. 

Ropp, A. V. J., 135, 156. 

■ Ropp straight-line furnace, 90, 94, 97, 106. 
at the Hanauer Work, 98. 
at Selby, 97. 

Roscoe, 9. 

Rosing, 348, 361. 

„ wires at Tarnowitz, 347, 348. 
Rossie hearth, 54. 

Rossler, 6, 401, 411, 437, 472. 

Roswag, 390, 394, 400, 412. 

Rozan, 390. 


S 

Saeger, 348. 

St. Joe, Roasting furnace at, 85. 

St. Joseph, Composition of iead at, 4. 

St. Louis-les-Marseille, 394. 

St. Louis Smelting and Refining Works. 

Flue-dust condensation at, 353. 

Samples, Preparation, 457. 
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Sampling, 457. 

„ of lead, 267. 

„ of ores, 457. 

„ Desilverisation at, 408. 

„ Separation of matte at, 222. 

Sanckez y Massia, 38, 45, 174, 284, 336. 

San Lnis Potosi, Smelting at, 276, 315. 

„ „ Stall-roasting at, 73. 

Santiago de Chili, Slag tiles at, 287. 
Savelsberg process, 108, 119-121. 

Schemnitz, 19. 

„ Reduction of litharge at, 451. 
Scheriau, Wet fume condensation at, 355. 
Schenk, 14. 

Schertel, 137, 138, 150, 364, 365. 

Schnabel, C., 40, 45, 66, 70, 85,104, 140, 273, 
284, 292, 296, 297, 336, 362, 
384, 390, 394, 409, 410, 412, 
418, 420, 426, 434, 435, 436, 
449, 489. 

„ zinc oxide process, 491. 

„ „ for zinc-crusts, 418, 

419. 

Schneider, A., 145, 156, 159, 160. 
Schorlemmer, 9. 

Schultz, von, 460. 

Schweder, 269. 

Scorification, Assay charges for, 464. 

„ „ for gold and 

silver ores, 
463. 

Scotch hearth, construction, 50. 

„ working, 52. 

Selby, Casting at, 265, 266. 

„ Composition of lead at, 4. 

„ Matte-handling at, 228, 229. 

„ Smelting Works, filtering plant, 351. 
„ „ Plue-dust bricking 

at, 358. 

„ „ Roasting at, 97. 

Selenium, Alloy of lead and, 7. 

Separation of dross in cooling, 263-267. 

„ of slag and matte, 211, et seq. 
Sesquisilicate slags, 149, 152, 154. 

Setting-up stages in Flintshire furnace, 34. 
Settlers, see Fore-hearths. 

Settling furnaces for slag, 223. 

„ pots for slag, 213. 

Sexton, 460, 463. 

Shaft furnaces, 104, 184, 185. 

Sheet-iron cooling flues, 339. 

Sheffield, Plue-dust at, 336. 

„ Smelting Co. fume condensation, 
352 

Shelby, 338. 

Shepherd, 151. 

Shot metal, 8. 

Siemens and Halske process, 496. 

Silesian process of lead smelting, 30, 44. 

at Tarnowitz, 40, 44. 

Silica, 130, 131, 154, 475. 

Silicates, Analysis for, 475. 

„ of lead, 15, 16. _ • 


Silicates of lead. Reduction of, 16. 

„ Lime, 151-153. 

Silver, Alloys of lead and, 3. 

„ Assay for, 326, 450, 456, 463, 470. 

„ contents of flue-dust, 336. 

,, ,, of litharge, 432. 

,, crusts, 400, 401, 426 ; see also Zinc^ 
crusts. 

„ in kernel-roasting, 70, 71. 

„ in matte, 239, 240, 272, 274, 277, 280 
294, 324. 

„ in the lead blast furnace, 144, 145. 

„ Loss of, in assaying, 322, 329, 471. 

„ „ in cupeUation, 432,436,449, 

465, 472, 473. 

,, ,, in desilverisation, 360, 419, 

431. 

„ ,, in dressing, 18. 

,, „ in roasting, 70, 71. 

,, „ in Schnabel’s process, 419. 

„ „ in slag roasting, 69. 

„ „ in slags, 289, 323, 324. 

„ ,, in smelting, 233, 323. 

„ refining at Port Pirie, 446, 448. 

„ ,, in crucibles. Extraction of 

bismuth in, 438. 

„ „ in crucibles, use of silver 

sulphate, 437. 

„ in slags, 289, 323, 324. 

„ in speisses, 278, 280-282. 

„ in work-lead, 293, 294, etseq. 

„ on the cupel hearth, 444. 

„ Recovery of, 329. 

„ sulphate for refining silver, 437. 

Silver City, Slag produced at, 310. 

Sintering of slimes, 76. 

„ hearth, 87. 

Sinter roasting, 68-70. 

„ at Freiberg, 83. 

„ Dwight and Lloyd process, 

123-127. 

„ Losses in, 69. 

Slag assays, 326, 327. 

„ Breaking up, for ballast, 286. 

,, -brick. Manufacture of, 287. 

„ Bricking of, 287. 

„ Dezincing, 487. 

,, escape, Davies, 197. 

„ -eye furnace, 59. 

„ Final disposal of, 286. 

„ foundations for furnaces, 180. 

„ Granulation of, 226-228. 

„ Pastiness of, 158. 

„ -pots, 206-211. ’ 

„ -pot wheels, 206. 

„ Requirements of, 130. 

„ -roasting, see Slagging. 

„ Separation of, 211, 286. 

„ -spouts. Water-cooled, 204, 205. 

„ -taps, 211, 212. ^ 

„ tiles. Manufacture of, 287. 

„ -trap, 288, 289. 

„ types. Table of, 155. 
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Sla^T. XJtilisaiion of heat in, 286 ; see also 

SlflSs, A-lumma m, 145. 

^ Aluminous, 159. 

’’ Analyses of, 150, 283, 284, 474, ei seq. 
Analytical methods for, 470. 
Oomposition of, 154, 283, 285. 
Oonstitution of, 149. 

** Orystallisation of, 149. 

II DDensity of 130. 

as flux, 132. 

II foul, Cleaning of, 289. 

,, Production of, 132. 

II f t*<nn ore hearth, 58. 

r g:rey, hoc Qrei/ slag. 

Xjead in, 462. 

’’ Hiime in, 145. 

II X-OHses of metals in, 285, 322, et seq. 

jyKn'gnesia in, 14(5. 

II IVf ti»gnoiite in, 285. 

” IMColting point of, 130, 150. 

DPliyHical properties of, 149. 
juroduced in American Smelting 
* Works, 310. 

„ ."Ro-smelting of old rich, 294. 

Temperature of, 150, 151. 

„ !22inciferouH, 158. 

Slide xia.lc's for charge calculation, 241. 
Slimes, Wintering, 7(5. 

,, Troatimmt of, 455, 456. 
Smelfing'# Bce JUast-furriace smelting. 

,, charges, 330. 

„ Elh^rhausen process, 487. 

,, Fry process, 487. 

,, furnaces, Data of, 312. 

Smith., li>f 4(55. 

SnydLex 

Soda, 

SodiuLm., Alloys of lead and, 7. 

Soft lea^dt, 3. 

Softening;: of lead, 3(51-385. 

,, Consumption of fuel in, 373. 

,, furnace, Charges for, 366. 

,, „ details of, 367-371. 

,, „ in America, 370. 

,, „ at Monteponi, 367. 

,, „ at Port Pirie, 308-370. 

„ mode of working, 372. 

„ details of, at Poilarroya, 375. 

„ „ „ at Port Pirie, 374. 

,9 n tf ft't Lautenthal, 363. 

„ Time required for, 373. 

Solder, S- 

SolubilitJ 3 r of lead sulphate, 13. 

,5 of litharge, 8. 

'* Sows,’* Oomposition of, 290. 

,, in blast furnaces, 167, 168. 

,, ^ Irtcmoval of, 2(51. 

Spanish Tblast furnace, 168-170. 

load smelting, 38. 

Specifio ^gravity of anglesilc, 13. 

>9 ,, of eerrussite, 10. 


Specific gravity of lead, 2. 

» „ of litharge, 8. 

» „ of slags, 132, 149. 

„ heat of lead, 2. 

>j „ slags, 150. 

„ heat of silica, 154. 

Speiss, Analyses of, 277, 278. 

„ from smelting roasted matte, 277. 

„ Richness of, in gold, 278, 279, 280,. 
281. 

„ Roasting of, 281, 294. 

„ Treatment of, 281-283. 

Spence furnace, 98. 

„ process for zinc-lead sulphides, 49 R 
Spinel, 160. 

Spring, 1. 

Stall roasting, 72, 76, 275. 

Steam jets in refining kettles, 364. 

», „ „ zinc-crusts, 417. 

„ „ softening furnaces, 372. 

„ stirring in Parkes process, 402. 

Steel, 466. 

Steep, 170. 

Stein, 152. 

Steitz syphon for molten lead, 377. 

„ water-jacketed test, 442. 

Stctefeldt, C. A., 471, 472. 

Stereotype metal, 8. 

Stirring in Parkes process, 401-403. 
Stock-bins in smelting works, 246. 

Stolzite, 20. 

Storer zinc-oxide process, 491. 

Straight-line sintering machine, 124-127. 
Stiicker, 2. 

Subsilicate slags, 149, 154. 

Sudbury, Granulation at, 227. 

Sugar waste for bricking flue-dust, 357. 
SuUivan Smelting Worlcs, 99, 309. 

Sulman and Picard distillation process of 
treating zinc-lead 
sulphides, 481. 

„ „ bisulphite process,. 

492-496. 

Sulphate of lead, see Lead sulphate. 

„ of lime, 110, 111. 

Sulphide of lead, see Lead sulphide. 

„ „ Decomposition of, 12, 13. 

„ „ in lead-dross, 259. 

„ „ Roasting of, 11-13. 

„ „ Volatility of, 11, 14, 15,. 

78, 133. 

„ ores, Analysis of, 66. 

„ „ Composition of, 21. 

„ „ from Leadville, 22. 

„ „ Silver contents of, 26. 

„ „ Treatment of, 478-502. 

,. problem, 478. 

Sulphides, Metallic, as reducing agents,, 
137. 

Sulphur, Analysis for, 477. 

„ as reducing agent, 137. 

„ in charges, 235. 

„ in matte, 270. 
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Sulphur, roasting lead sulphide ores, 66, 88. 
Sulphuric acid for bricking flue-dust, 357. 

,5 process for treating zinc- 
silver alloys, 427. 
Sulphurous gases, 356. 

•Sump in roasting furnaces, 83. 

„ in smelting furnaces, 166, 170. 

•Sunny Corner, Ores smelted at, 66. 

39 Roasting at, 71. 

Surface tension, 503. 

Svoboda, 462. 

Swinburne and Ashcroft process, 500. 
Syphon, Steilz, for molten lead, 377. 

„ tap, 166, 167. 

„ „ Obstruction of, 259. 


T 


Tai^'ks for electrolytic refining, 453, 454. 
Tapping box, 166. 

„ breast, 189. 

„ Jacket of cupel test ring, 442. 

„ „ blast furnace, 191, 192, 193, 

195. 

„ „ softening tenace, 369. 

Tap-pit of smelting furnaces, 165. 
Tarnowitz, Bessemerisation at, 361. 

„ Casting lead at, 263. 

„ Desilverising at, 409. 

„ Flues at, 342. 

„ Pattinson process at, 394. 

„ Rosing wires at, 347, 348. 

„ Silesian furnace and lead smelt¬ 
ing at, 44, 45. 

„ Water spray fume condensation 

at, 355. 

Tasmanian Smelting Company, 115. 

Taylor, 22, 66. 

Teichmann, 394. 

Tellurium, Alloys of lead and, 7. 

„ in softening dross, 361. 

„ in zinc-crusts, 410. 

Temperature of blast furnace slags, 150-153. 
„ of furnace gases, 138, 339. 

„ of softening furnaces, 370. 

,, for stirring in zinc, 402. 

Terhune, R. H., 72, 189. 

Terhune pots, 206, 207. 

Test, 438. 

„ carriages, 441. 

„ rings, 439-442. 

„ supports, 439, 444, 445. 

Tests of cupelling-furnaces, 442. 

Thornffi, 18. 

Tiles, 287. 

Tin, Alloys of lead and, 6, 8. 

„ Antimony-lead-, alloy, 7. 

„ influencing desilveiisation, 360. 

„ Pattinson process, 386. 
skimmings at Preibergi 366, 384. 


Tombstone, Bricking flue-dust at, 357. 

„ Slags at, 284. 

„ Smelting at, 143. 

Tommasi, electrolytic deposition of lead, 
452. 

„ Composition of lead at, 4. 
Torreon, Mechanical feeding at, 251. 

Trail, Electrolytic refining at, 453. 

„ Furnace leads at, 264. 

„ Slimes at, 455. 

„ Smelting at, 309. 

Torrey, 477. 

Treatment charges, 333. 

„ of flue-dust, 357, 358. 

„ of mattes, 268-279. 

„ of mixed ores, 481. 

„ of slags, 289. 

„ of slimes, 455. 

„ of speiss, 281-283. 

„ of zinc-lead sulphides, 478- 
502. 

Tredinnick’s process, 395. 

Trisilicate slags, 152. 

Tube-retort distillation furnaces, 420. 
Turbine blowers, 204. i 
Turbines heated with waste slag, 288. 
Turret furnace, see Pearce turret furnace. 
Tuyere area, 137, 165, 196. 

„ boxes, 198, 199. 

,, efficiency, 137. 

„ noses, 259. 

„ nozzle, 197. 

„ ratio, 137, 196. 

,, valves, 199. 

„ water, 165, 168, 171, 198. 

Tuyeres, 193, 194, 199, 258, 259. 

Tymp, 212. 

Type-metal, 8. 

Typical lead-slags. Composition of, 156, 
157. 

„ „ formulae, 157-161. 

Tywarnhaile, 512. 


U 

Uneven descent of charges, 259. 
Unisilicates, 149. 

Utah, Blast roasters in, 123. 

„ Heap roasting of mattes in, 73. 


V 

Valentine, 142. 

Van Liew, 471. 

Vanadinite, 20. 

Vanadium, 20. 

Vezin, 203. 

Viscosity of lead slags, 130, 151, 161. 
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Vitriol, white, Manufacture of, 490. 

„ Green, for bricking flue-dust, 357. 
Vogt, 70, 152. 

Volatilisation— 

losses by cupellation, 449. 

„ in blast-furnace smelting, 128, 141. 
„ in hearth smelting, 49, 54, 57, 58. 

„ in reverberatory smelting, 29, 30, 
31, 36, 40, 45, 47. 

„ in roasting, 69. 
of lead in dry assay, 459. 
of litharge, 8. 

Volatility of lead sulphide, 11, 14, 15, 133, 
141, 337. 

„ of zinc sulphide, 133. 

Volumetric estimation of lead, 461. 


W 


Wagneb, 264. 

Wait, Composition of litharge, 432, 450, 
Walker, Parker & Co., 351. 

,, „ works—Corduries’ pro¬ 

cess at, 417. 

Wall accretions, see Hangings. 

Warren, 482. 

Warwick, 460. 

Water-blocks, 165, 171. 

„ -condensation of lead fumes, 352. 

,, -cooled ore hearth, 54. 

„ „ slag spouts, 204, 205. 

,, -cooling of furnace gases, 340. 

„ „ „ Hagen’s apxfliance for, 

340. 


99 

99 

99 

99 

99 


99 


-jacketed tapping breast or litharge 
notch, 442. 

-jackets for blast furnaces, 59, 187, 
195. 

„ Origin of, 173. 

„ Bosh of, 187. 

„ Cast-iron, 188, 189. 

,, Cast-steel, 190. 

„ cracked. Removal of, 262. 

„ for softening furnaces, 

369. 

„ for test-rings, 439. 

„ of wrought iron, 189,190, 

191. 


„ „ Upper tier of, 194. 

Water-spray for flue-dust condensation, 
353-355. 

Water supply to jackets, 195-196. 

,, tuyeres, 165. 

Weidmann, 271. 

Weight of blast-furnace charges, 235, 246. 
Weinberg, 326, 327, 439, 442, 446. 

Well, Lead-, 166. 

Wellner stalls, 74. 

West process for complex ores, 490. 

Wet assay of load, 460. 

Wethey furnace, 98, 106. 

Whitehead, 453, 455. 


White lead, 10. 

„ metal, 8. 

„ mineral press, 257. 

„ & Boyd presses, 358. 

Wiedmann, 13. 

Wiesengrund, 6. 

Willemite, 160. 

Williams, 2, 46, 54. 

Wingham, 241. 

Wollastonite, 152. 

Woodgate, 75. 

Working forces at lead blast furnaces, 258,, 
318, 319, 320, 321. 

Work-load, 129, 263, 293, et seq. 

„ Analyses of, 365. 

„ Composition of, 267. 

„ Dosilverisation of,; see also Base 

hulUon and Desilverisation. 

„ in Pattinson process, 389. 

„ Samifling of, 268. 

„ Silver in, 240. 

Wrought-iron pans for softening furnaces,. 
3(56. 

„ water-jackets, 189, 190, 191. 
Wulfenite, 20. 

Wyatt, SCO Myalls. 


Y 

Yield of metals in blast-furnace smelting, 
329. 


z 


Zalathita, 269. 

Zdrahal, 390, 394. 

Zinc, Analysis for, 476. 

. „ as impurity in lead, 6. 

„ consumption in Parkes process, 400. 

„ crusts at Port Pirie, 406, 426. 

„ „ Composition of, 410. 

„ „ Liquation of, 413-416. 

„ „ Treatment of, 416-428. 

„ Dejiosition of, by electrolysis, 496-502. 
„ hangings, 185. 

„ „ Barring down of, 185. 

„ Influence of, in dosilverisation, 361, 
380. 

„ in the blast furnace, 148. 

„ in load ores, 36, 42, 432. 

„ „ slags, 149. 

Zinc CorjiGration, 512. 

Zinciferous slags, 158. 

Zinc-lead alloys, 8. 

„ pigment, 486. 

Zinc-lead suljihides. Treatment of— 
by Bartlett’s process, 483. 
by bisulphite process, 492. 
by Borohor’s process, 492. 
by concentration, 478. 
by Do Laval process, 488. 
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Zinc-lead sulphides, Treatment of— 
by distillation, 481. 
by dry methods, 481-489. 
by electrolytic processes, 496. 
by EUershausen process, 487. 
by Fry process, 487. 
by Greenway process, 489. 
by Grimm process, 489. 
by lixiviation, 493, et seq. 
by Parnell process, 490. 
by Schnabel process, 491. 
by smelting, 486, ct seq. 
by Snyder process, 488. 
by Spence process, 491. 
by Storer process, 491. 
by Snlman and Picard process, 492. 


Zinc-lead sulphides. Treatment of— ' 

by West process, 490. 

Zinc middlings. Treatment of, 481. 

„ oxide in the blast furnace, 147. 

„ ,, in slags, 158, 161, 162. 

„ paint, see Figments. 

„ silicate in slags, 158. 

„ -silver alloy, 427, 428. 

„ „ Treatment of, 427. 

• „ slags. Limits of composition for, 
306. 

„ spinel in slags, 160. 

„ sulphide in lead slags, 148, 158. 

„ „ Volatility of, 133. 

j Zincing in deshverisation, 401. 

! Zinkenite, 11. 
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